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INTRODUCTION 
Improved varieties of orchardgrass (Dactylis glomerata L.) and other 
cross-pollinated perennial forage crops are commonly developed by natural 
interpollination of selected clones or strains under isolation. Two or 
three successive generations are produced from first-generation seed 
(Breeder seed) in order to increase the variety for commercial use. This 
type of variety is referred to as a synthetic. It differs from a hybrid 
in that an advanced generation is used commercially. 
The trend in performance of a synthetic forage variety with gener­
ation advancement is of considerable interest from both a theoretical and 
practical standpoint. The trend could be influenced by the number of 
parent clones, degree of self- and cross-compatibility, type of plcidy, 
type of gene action for agronomic characters, degree of disequilibrium 
among the parent clones, and natural selection in the seed production 
fields. Theoretically, the coefficient of inbreeding in advanced gener­
ations of a synthetic is inversely proportional to the number of parent 
clones. Since genetic and cytological information indicates that orchard-
grass approaches an autotetraplcid, one would expect inbreeding to result 
in a slower approach to homozygosity than in a diploid. Consequently, 
inbreeding depression associated with a decrease in heterozygosity would 
likewise be less. 
In tetraploid forage crops, both the genetic constitution of ncn-
inbred selections and the type of gene action for important agronomic 
characters are relatively unknown. Also, little is known about the 
effects of natural selection during establishment and reproduction in 
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seed production fields, where the surviving plants represent only a 
portion of the population possible from the quantity of seed planted. 
Procedures employed by plant breeders to minimize possible differ­
ential effects during seed increase include: (1) replicated arrangements 
of parental clones to facilitate random interpollination, (2) equalization 
of the maternal contribution to the first-generation seed, and (3) limited 
generation increase outside the region of adaptation. 
The objectives of the research reported herein were to study the 
performance of the first three generations of two synthetic varieties of 
orchardgrass and to evaluate the effectiveness of procedures used to min­
imize genetic shifts in the first-generation seed. Evaluations were made 
for forage and seed yield at two locations over a three-year period. In 
addition, the influence of post-harvest dormancy on performance for stand 
establishment traits was investigated. 
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REVIEW OF PERTINENT LITERATURE 
One of the most frequently used methods employed by plant breeders 
in the attainment of superior varieties of forage crops is the incorpor­
ation of selected non-inbred plants into synthetic varieties. The de­
velopment of synthetics was first suggested in corn by Hayes and Garber 
(1919). In forage crops, a method of combining individual plants into 
synthetic varieties was originally described by Jenkin (1931) as "strain 
building." Under this he included both single-plant and multiple-plant 
strains. Usage of the term was later clarified by Kirk (1933) and 
Stevenson (1939). The latter stated that this method involved composite 
crossing of a number of parent plants carefully selected on the basis of 
type and breeding behavior with the objective of maintaining vigor in 
later generations. Thus the method is distinguished from mass selection 
and hybridization. Tysdal and Crandall (19^8) defined a synthetic var­
iety "as a variety developed by crossing, compositing, or planting to­
gether two or more strains or clones, the bulk seed being harvested and 
replanted in successive generations." 
Clones or lines are usually selected for inclusion in a synthetic 
variety on the basis of their combining ability as determined by progeny 
tests. Various types of progeny evaluation were reviewed by Torrie 
(1956) who concluded that more information was needed concerning the 
general combining ability of lines and synthetic performance when grown 
alone or in mixtures with other species. Johnson (1952) emphasized the 
need for additional information on the relationships among general and 
specific combining ability evaluations and synthetic variety performance 
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in forages. Kalton and Leffel (1955) indicated that selection for high 
general combining ability appeared more promising than selection for high 
specific combining ability in the development of superior synthetic var­
ieties since dissipation of non-additive effects would occur in advanced 
generations. Thus, the use of synthetic varieties capitalizes on the 
additive portion of genetic variance as pointed out by Kehr and Gardner 
(I960). Corkill (1956) emphasized high combining ability and low in­
breeding depression for maximizing hybrid vigor in synthetics. However, 
Oldemeyer and Hanson (1955) have indicated that when the number of clones 
included in a synthetic is low, specific combining ability may be more 
important. 
Trend in Performance with Generation Advancement 
Theoretical considerations 
The approach to equilibrium in synthetic varieties is of interest. 
In theory, equilibrium in a diploid population is reached in one gener­
ation of random mating for all independent loci. For linked loci the 
rate of approach is dependent upon the recombination frequency. However, 
in a tetraploid population the approach to equilibrium for one locus, as 
presented by Haldane (1930), is asymptotic in that two-thirds of the 
gametic disequilibrium is lost each generation under chromosome segrega­
tion. Thus the approach to equilibrium is quite rapid. Performance can 
either increase or decrease depending upon the genetic composition of the 
initial plants used to form the Syn. 1 generation. Demarly (I960) stated 
that when the gametic population exhibits more than a certain level of 
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homogeneity, the level of heterozygosity will steadily increase during 
subsequent generations reaching a stable equilibrium asymptotically. 
Tysdal et al. (1942) clearly illustrated this idea using hypothetical 
values based on extensive data in alfalfa. When F]_ hybrid plants were 
used as the basic plants the yield trend decreased but when a composite 
of lines was used the yield trend increased. The yield level at equilib­
rium was dependent upon the amount of natural crossing postulated. They 
further pointed out that under field conditions the differential survival 
of inbreds and hybrids, variability among plants in seed yielding ability, 
compatibility differences, and the amount of sibbing would influence the 
level of forage yield. In this country most of the emphasis has been 
placed upon combining non-inbred or F% plants into synthetic varieties. 
The breeding of forage crops has, to a considerable degree, been 
patterned after or adapted from methods of corn breeding. Research work­
ers in corn have used the formula Fg = F]_ - ^ presented by Wright 
(1922) for calculating the expected yield of hybrid combinations in ad­
vanced generations assuming additive gene action, where F]_ represents-
the mean of all possible single crosses, P the average performance of 
all inbred lines involved in the parentage and n the total number of par­
ental lines. Sprague and Jenkins (1943) stated that four factors determine 
the yield of advanced generations of synthetic varieties. These are (1) 
the number of lines involved, (2) the mean yield of these lines, (3) the 
mean yield of all of their possible single crosses, and (4) the percentage 
of self pollination. Kinman and Sprague (1945) indicated that the most 
efficient number depends on the range of combining ability among the 
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inbreds. Kiesselbach (i960) said that Wright's formula can be used to 
predict the grain, stover and fodder yields of the Fg generation of 
hybrids which are symmetrical in the sense that each line contributes 
equally to the next generation. 
The application of the formula to forage crops is questionable. 
Downey (1961) has indicated that tetraploidy, non-inbred clones, self-
fertility and lack of controlled crossing in alfalfa impose limitations 
on the application of the formula to this and other forage species. 
Theurer (1961) concluded that one could not predict the Syn. 2 yield 
performance of alfalfa synthetics from single cross data but must con­
sider prediction from the view of population genetics and autoploid in­
heritance. Hanson and Carnahan (1956) stated that the relation between 
inbreeding depression and the restoration of vigor in most forages cannot 
be reduced to such simple terms, but that the advanced generation per­
formance will depend upon the species and on the origin and pedigree of 
the clones. However, Pearson and Filing (1961), working with alfalfa, 
indicated that the average single cross performance can be used to pre­
dict the Syn. 2 generation performance for characters conditioned by 
factors acting in an additive manner. Corkill (1956) calculated the 
Syn. 2 yields of perennial ryegrass synthetics made up of two to eight 
non-inbred clones using (1) Wright's formula and (2) the proportion of 
crosses expected between full sibs, half-sibs and unrelated plants. In 
spaced plantings, he found close agreement between the calculated and 
observed yields of synthetics based on four or more clones. 
Number of parent clones is an important consideration in the 
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development of synthetic varieties. Downey (1961) has presented a com­
prehensive review of literature relating to the number of clones and in­
breeding depression in synthetics. The general idea that a large number 
of clones should be included in order to minimize the amount of inbreeding 
in advanced generations of synthetics originated with Jenkin (1931). How­
ever, he pointed out that the use of too many plants would result in less 
uniformity in later generations and increase the possibility of undesirable 
changes in the population. Corkill (1956) and Carnahan (i960)have stressed 
the importance of including several basic plants in order to prevent ex­
cessive inbreeding in advanced generations. Garber and Myers (19^9) noted 
that often too many lines have been used. Knowles (1959) found that an 
appreciable decrease in performance occurred in the Syn. 2 and Syn. 3 of 
crested wheatgrass synthetics even when nine or twelve parent plants were 
used. Tysdal and Kiesselbach (1944) pointed out that the use of more than 
four clones would prevent close inbreeding. Kehr et^ al. (1961) speculated 
that two-clone synthetics might be desirable from the standpoint of the 
Syn. 1 performance but that the region of adaptation might be narrowed. 
In perennial ryegrass Beddows (1959) showed that a large number was not 
needed but that the yield of synthetics based on two or three clones was 
reduced significantly in advanced generations. Graumann (1952) indicated 
that in alfalfa the rate of decline in yield in the Syn. 2 and Syn. 3 
appeared inversely proportional to the number of parent clones. 
Generation trends 
The greatest change in performance with generation advancement usually 
occurs between the Syn. 1 and Syn. 2 generation. This is to be expected 
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from theoretical considerations and has been demonstrated in both grasses 
and legumes. Knowles (1959) summarized the data concerning various syn­
thetics of both diploid and tetraploid wheatgrass evaluated over a period 
of years. Under space planted conditions, tetraploid and diploid strains 
showed approximately the same loss in vigor in advanced generations. There 
was evidence of greater inbreeding depression for seed yield than for for­
age yield. However, the use of 50-100 spaced plants in producing the 
Syn. 2 and Syn. 3 generation may have caused a restriction in the number 
of genotypes and accentuated inbreeding. In row plantings there was no 
marked loss in yield as synthetics were advanced to the Syn. 3 even in 
those with few parental clones. Presumably inbred seedlings and plants 
were suppressed under competitive conditions. Beddows (1959) tested 
several perennial ryegrass synthetics derived from seven clones in spaced 
and solid plantings and indicated that the change from Syn. 1 to Syn. 2 
is dependent upon both the number of clones and their genetic constitution. 
One four-clone synthetic composed of plants exhibiting only general com­
bining ability in a diallel analysis yielded 122% of the check, based on 
the Syn. 2-4 average, which was only a slight drop in yield from the 
Syn. 1. In alfalfa, Kehr et al. (1961) reported that the average Syn. 1 
yields were significantly greater than those obtained in the Syn. 2, -3, 
and -4, generations for both multiple-clone and two-clone synthetics. 
However, great variability in forage yield performance of individual 
synthetics was observed. They pointed cut that such factors as the re­
lationship of the parental clones, methods of producing the Syn. 1 gen­
eration, fertility and compatibility relationships, natural selection 
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and genotype x environment interaction for forage and seed production 
may influence advanced generation performance. 
A decrease in yield from the Syn. 1 to Syn. 2 has not occurred in 
all synthetics. Weiss et al. (1951) found no evidence of a decrease in 
performance of the Syn. 2 generation for six orchardgrass synthetics. 
Kehr (1959) reported no loss in forage yield from the Syn. 0 to the Syn. 3 
in the variety Ranger. The yield of some has actually increased with gen­
eration advancement. In two corn synthetics Lonnquist and McGill (1956) 
reported a slight to major yield increase accompanied by slightly later 
maturity from the Syn. 2 to Syn. 5 generation. Visual selection was be­
lieved to have influenced the results. Kehr et al. (1961) reported an 
increase in one two-clone synthetic of alfalfa which they attributed to 
recombination of favorable yield factors. However, both clones were 
sister selections from open-pollinated progeny of one clone. Knowles 
(1959) and Downey (1961) have indicated that in wheatgrass and alfalfa 
respectively, higher yield in the Syn. 2 than in the Syn. 1 could be 
caused by inbreeding or selfing in the Syn. 1 crossing block. In crested 
wheatgrass this may be accentuated if certain plants are more productive 
of pollen than others, or do not flower simultaneously. 
Effects of increase procedures 
Seed increase procedures can influence the genetic identity and per­
formance of heterogeneous synthetics. Beard and Hollcwell (1952) have 
reviewed this from the standpoint of maintaining genetic purity. Hutin 
(195^) pointed out the problems of pollination control, accidents, dif­
ferent seed yielding ability, random pollination and environmental factors 
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which may cause shifts in improved strains. Evans et al. (I960) stated 
that these problems involve: (1) management, (2) environment, and (3) 
inherent factors of reproduction in the basic plants such as number of 
flowers and percent fertility. Literature pertaining to these aspects 
will be presented in the following paragraphs. 
Although seed harvest management necessarily differs between grasses 
and legumes, because of their different flowering patterns, Garrison (I960) 
indicated that shifts in grasses may be caused by the same selective pres­
sures affecting legume performance. Davies (195*0 reported a shift of 
11.3 days in date of ear emergence during the advancement of 523 peren­
nial ryegrass through six generations. The greatest shift, which occurred 
between the third and fourth generations, appeared to be due to an early 
seed harvest. He indicated that selection pressures at the time of seed­
ing and harvesting are great enough to cause appreciable change. Cooper 
(1959) demonstrated a slight shift of 4.3 days in date of ear emergence 
between first and fifth generation stocks of 523 perennial ryegrass. He 
pointed out that the shift will depend upon the direction and intensity 
of selection associated with the techniques of multiplication. No change 
in winter requirement and early seedling growth characteristics was noted. 
In seed production experiments with tall fescue and late-heading timothy 
varieties, Evans et al. (I960) reported an increase in the proportion of 
taller plants from a very heavy seeding rate and a decrease after late 
harvesting. The influence of harvest date on the genetic composition of 
Pilgrim ladino clover in both the first and advanced generation of syn­
thesis has been shown by Stanford et al. (I960, 1962). The magnitude of 
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the shift can be minimized by managing the crop so that the seed crop is 
produced on flowers initiated during the longest days. However, Stanford 
et al. (1962) found no significant differences in vegetative growth of 
four generations produced under different harvesting regimes. 
The influence of environment in the areas used for increasing syn­
thetic varieties has also been demonstrated. Smith (1955) observed more 
winter injury when seed was increased two years in the south. In spaced 
plantings of Vernal alfalfa, Smith (1958) found an increase in the per­
centage of taller plants and increased winter injury in seed lots produced 
in southern latitudes, while the reverse was true for seed produced in 
northern latitudes. Zaleski (1962) showed that more than one generation 
of increase of alfalfa varieties in southern areas resulted in earlier, 
more erect and productive plants in spaced plantings. This was reflected 
in actual yield performance. Morphological and physiological changes took 
place more quickly in the late variety Grimm than in the early variety 
Flandria. More recently, Bula and Garrison (1962) reported a gradual in­
crease in fall regrowth height measurements in Ranger and Vernal alfalfa 
increased in southern areas. The change in Vernal was the most pronounced. 
However, no difference was noted in forage yield of Vernal indicating that 
practical usefulness was not jeopardized. No winter killing or thinning 
of the plots was observed. Smith and Graber (1950) likewise noted no 
significant differences in hay yields of several lots of Ranger. All 
studies have indicated that in order to maintain a constancy of agronomic 
performance when advanced generations of heterogeneous populations are 
produced outside the region of adaptation, attention must be given to the 
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species, number of generations of increase, and the number of seed crops 
that can be harvested from a field. 
The conditions under which the Syn. 1 seed is produced could also in­
fluence subsequent performance. Usually isolated recombination blocks are 
used in the production of first-generation seed unless controlled crosses 
are made. Natural interpollination of selected materials is assumed to 
be random. However, departures from random mating have been demonstrated 
in bromegrass by Hittle (195*0 and in corn by Gutierrez and Sprague (1959). 
Lindsey et^ al. (1962) noted that complete random mating is not a popula­
tion characteristic in corn nor in many other species of cross-pollinated 
plants. On the other hand, Wassom and Kaltcn (1958) and Ives and Thomas 
(1959) concluded that pollination was approximately at random in orchard-
grass and bromegrass respectively. Wit (1952), through the use of a 
dominant marker, studied the amount of crossing in non-replicated clonal 
nurseries and in polycross fields of perennial ryegrass. He concluded that 
relative homogeneity of flowering had a greater effect on the percent 
crossing than distance between plants. Griffiths (1950), using a homo­
zygous recessive marker, showed that dispersion of pollen decreased 
rapidly from 0 to 20 feet and that intervening plants gave a marked buf­
fering effect. Wolfe (1925) found that an individual head of orchardgrass 
bloomed for 6.7 days, on the average, while the duration for an individual 
plant averaged 13•5 days. Temperature had a marked effect on blooming and 
cloudiness appeared to delay blooming. 
Certain procedures are commonly employed to minimize pollination and 
seed production differentials when Syn. 1 seed is produced under isolation. 
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Schaepman (1952) pointed out the need for synchronized blooming and 
equalizing the maternal contribution of each replication of each clone 
to the composite seed. Hittle (195*0 suggested randomization of single 
plants with ten or more replications. In orchardgrass, Kalton (1959) 
pointed out that differential seed yield of parent clones is an important 
consideration in the production of Syn. 1 seed. He advocated minimizing 
differential seed production by using equal weights of seed from each 
clone. However, as Stanford et_ al. (i960) found from a study of gene 
frequencies, equalization of the maternal contribution does not equalize 
the male parentage. Also, Davies (195*0 indicated that the unequal rate 
of multiplication of basic plants of perennial ryegrass was carried into 
the next generation. 
Effects of strain x environment interaction 
The magnitude of strain x environment interactions is an important 
consideration in generation comparisons of synthetic varieties. Kehr 
et al. (1961) found evidence of synthetic generation x location inter­
action for different two-clone and multiple-clone synthetics. Recently, 
numerous studies concerning variety x locations, variety x years and 
variety x location x year interactions have been reported. Johnson et_ al. 
(1955) has presented the analysis of variance form and mean square ex­
pectations for data obtained from (a) several locations in only one year, 
(b) several years at only one location, and (c) different locations in 
different years. Separate estimates of the three types of interactions 
cannot be made from such data. Horner and Frey (1957) reported a sub­
stantial reduction in the variety x location interaction in oats by 
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proper division of the state into subregions. Sprague and Federer (1951) 
presented data on corn indicating the importance of hybrid x year and 
hybrid x location interactions. However, they assumed the second-order 
interaction to be zero. In orchardgrass Carlson and Moll (1962) found 
significant second-order interaction for all characters studied, indi­
cating that strains showed differential responses when grown in different 
environments. Similar results have been reported in cotton, tobacco and 
barley by Miller et al. (1962), Jones et_ al. (I960) and Rasmusson and 
Lambert (1961) respectively. 
Relationship of Seedling Performance to Forage Yield 
Of interest to breeders is the relationship between seedling vigor 
performance and subsequent forage yield, since the former would provide 
a possible shortcut in progeny evaluations. A few studies have been en­
couraging in this respect. Grissom (1955) obtained a correlation of .25 
between seedling yields and forage yields of 220 bromegrass topcrosses 
which was significant at the .01 level. Tossell (i960) obtained a close 
relationship between field and greenhouse performance of bromegrass seed­
lings. Oldemeyer and Hanson (1955) obtained a correlation of .55 between 
seedling top growth and two year average forage yield for the late matur­
ing group of orchardgrass clones tested in broadcast plots, but no corre­
lation for the early or late maturity groups tested in broadcast and spaced 
plots respectively. They indicated that better techniques need to be em­
ployed in order tc obtain more consistent results. 
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Seed Dormancy in Grasses 
Seeds of many species show some degree of dormancy after harvest. 
Grasses may be dormant from a few weeks to several months. Bass (195*0 
reported that grass species which do not ordinarily exhibit dormancy may 
be dormant if harvested when slightly immature. Better quality seed in 
some years than in others often is associated with weather conditions 
during seed development. Isley (195*0 has classified dormancy in mature 
seeds into two classes: (1) that caused by impermeability of seeds to 
water or gasses, and (2) embryo dormancy. The latter indicates physio­
logical immaturity when seeds are ripe and requires the occurrence of 
certain chemical changes or after-ripening before growth will begin. 
Dormancy may be broken by aging the seed, or by using special treatments 
during storage or germination. Isley (195*0 further pointed out that 
non-dormant seeds may become dormant under unfavorable environmental cir­
cumstances. This is known as secondary dormancy, of which excessively 
high temperatures appear to be the most common cause. 
Under the official rules for seed testing, orchardgrass seeds are 
germinated on a suitable substrate in Petri dishes or in soil with light 
at alternating temperatures of 20-30° C. There are several reports which 
indicate that this temperature treatment is not optimum for obtaining 
maximum germination of freshly harvested seed. Sprague (1940) found that 
germination of freshly harvested orchardgrass was increased when moistened 
dormant seed lots were subjected to alternating temperatures of 10-15° C. 
for 14 days followed by alternating temperatures of 22-28° C. or when 
moistened seed was alternated daily between 10° or 15° C. to 28° C. 
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Nakamura (1962) found an intermediate degree of dormancy in orchardgrass. 
Although prechilling was useful in breaking dormancy, alternation of tem­
perature was the most effective treatment. Dehulled seed germinated best 
at 20° C. or 30° C. with and without light, but dormancy was not completely 
removed indicating that factors causing dormancy existed in both the cary-
opsis and glumes. Recently Canode et al. (1963) demonstrated dormancy in 
orchardgrass varieties. Prechilling moist seed at 5° C. for seven days 
and/or germinating at 15-25° C. gave significant increases in germination 
over that obtained by official methods. An increase in germination was 
obtained also when the lemma and palea were removed. However, lack of 
germination response resulting from storage and from age of seed indicated 
that "fresh-seed dormancy" was not a primary factor inhibiting germination. 
Toole (1939) found that freshly harvested timothy seed did not germinate 
completely at 20-30° C., a standard treatment used in testing seed germin­
ation. He used the term dormancy to indicate any condition of the seed 
which makes it resistant to germination. Dormancy usually disappeared 
1-2 months after harvest, with a shorter period for the more mature seed. 
Alternating temperatures of 15-25° C. or 10-30° C. increased germination 
more than prechilling moistened seed at 5-10° C. The degree of dormancy 
of commercial seed varied from year to year, but it was impossible to say 
how much of this was due to differences in development of the plant and to 
variations in conditions subsequent to harvest. Kearns and Toole (1939) 
studied several species of fescue. All seeds were dormant at high tem­
peratures immediately after harvest. The degree of dormancy was determined 
by the stage of maturity at harvest and the number of"days between harvest 
and testing. Cool alternating temperatures of 15-25° C. were best for 
evaluating germination. 
Laboratory germination tests can be supplemented by an examination 
of the embryos. A general discussion of such methods has been presented 
by Barton (1961). Isley (195*0 has indicated that reasonably accurate 
estimates of the viability of grass seeds may be obtained through the use 
of the chemical 2, 3» 5-triphenyl tetrazolium chloride. The general pro­
cedure involves presoftening the seed, cutting, and staining the embryo 
in either a .25^ or 1.00$ water solution of the chemical. Viable embryos 
will stain a bright red. However, weak seed stocks often contain numerous 
seeds whose embryos are partially necrotic, which may make the test dif­
ficult to interpret. Moore (1962) has indicated that tetrazolium is an 
acceptable quality test of viable seed. This test indicates potential 
germination as well as possible weaknesses and causes for the failure of 
normal germination. 
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MATERIALS AND METHODS 
Forage and Seed Experiments 
The seed lots evaluated in agronomic experiments represented the first 
three generations of two experimental synthetics (Iowa 1 and 6), polycross 
progenies of several component clones, and Potomac, a variety included for 
comparison. Seed lots for all entries except Potomac were harvested from 
recombination blocks or advanced generation seed fields in Iowa during the 
period 1953-1958. A list of the seed lots follows: 
1. 1953, 1955 and 1958 seed lots of the Syn. 1 of Iowa 1 
2. 1955 and 1956 seed lots of the Syn. 2 of Iowa 1 
3. 1957 seed let of the Syn. 3 of Iowa 1 
4. 1955 and 1958 seed lots of the Syn. 1 of Iowa 6 
5. 1955 and 1957 seed lots of the Syn. 2 of Iowa 6 
6. 1957 seed lot of the Syn. 3 of Iowa 6 
7- 1955 and 1958 polycross seed lots from clone 64 in Iowa 6 
8. 1955 and 1958 polycross seed lots from clone 120 in Iowa 1 and 6 
9. 1955 and 1958 polycross seed lots from clone 149 in Iowa 1 
10. 1955 and 1953 polycross seed lots from clone l60 in Iowa 1 and 6 
11. Potomac (check variety) 
The Iowa 1 and Iowa 6 synthetics are recombinations of 11 and 5 clones 
respectively having 4 clones in common. The parent clones were obtained 
in 1941 and 1943 as single plant selections from long time stands in Iowa. 
Selection was based on performance data of clones and their inbred and 
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and outcross progenias from 1941 through 1952. These clones were planted 
in recombination blocks for the production of first-generation seed. Gen­
eral procedures used at the Iowa Station for these blocks were reported by 
Kalton (1959). Seed composited from all clones on an equivalent weight 
basis was designated Syn. 1 (Breeder seed). The Syn. 2 (Foundation seed) 
and Syn. 3 (Certified seed) were obtained by harvesting seed from inter­
crossed plant populations of the preceding generation. The polycross seed 
lots of clones 64, 120, 149, and l60 included equal weights of seed from 
more than half of the replications of each clone in recombination blocks 
used to produce Syn. 1 seed. 
Two or three seed lots of the Syn. 1 and Syn. 2 of each synthetic, 
and of the polycross progenies, were included to study the influence of 
origin of seed on performance. The year the seed was harvested is desig­
nated in the list. The 1953 and 1955 seed lots of the Syn. 1 of Iowa 1 
came from the same recombination block established in 1952 whereas the 
1958 seed lot came from another block established in 1957. The two lots 
of the Syn. 2 of Iowa 1 came from a planting established with 1953 Syn. 1 
seed. The two Syn. 1 seed lots of Iowa 6 originated from different plant­
ings of the recombination block. The 1955 seed lot of the Syn. 2 of Iowa 
6 traces back to Syn. 1 seed harvested in 1953 and the 1957 seed lot to 
the 1955 Syn. 1. The polycross seed lots of each clone came from differ­
ent plantings of the recombination blocks. Variable performance among 
seed lots of a particular category would indicate the ineffectivenss of 
procedures used to minimize genetic shifts in the first-generation seed. 
These seed lots were planted in separate forage and seed yield 
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experiments at each of two locations in 1959. A randomized complete 
block design replicated four times was used for each test. The tests 
were planted with a Planet Jr. seeder on April 9 at Ames and on April 14 
at Albia. 
Forage experiments 
Individual plots in the forage tests consisted of 5 rows 9 feet long 
and 9 inches apart seeded at a rate of 8 pounds per acre. Border rows 
around each plot were planted to alfalfa. An oat companion crop was over-
seeded at a rate of ~Lj bushels per acre. This was removed at the silage 
stage. Plots were subsequently clipped for weed control during the summer, 
and volunteer alfalfa plants were removed by hand. Nitrogen fertilizer 
at the rate of 100 pounds per acre each spring, plus an additional 50 pounds 
per acre following the second harvest in June, was applied. A complete 
fertilizer was applied each spring, except at Ames in I960, to maintain 
optimum levels of phosphorus and potassium. 
These tests were harvested four times each year to simulate rotational 
grazing conditions. A 3 x 6 foot section was cut from each plot and 
weighed to the nearest tenth of a pound. These weights were adjusted to 
tons of dry matter per acre by using the average dry matter percentage of 
samples taken periodically. In addition, visual observations were made on 
stand percentage, spring and fall vigor, and disease when differences were 
apparent. 
Seed experiments 
In the seed tests, entries were seeded in single row plots 15 feet 
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long and 40 inches apart at a rate of two pounds per acre. During the 
seeding year these plots were clipped and cultivated three times. To 
stimulate seed production nitrogen fertilizer was applied at the rate of 
100 pounds per acre each spring, except in I960 at Albia when only 66 
pounds were used. In addition, a complete fertilizer was used each spring, 
except in I960 at Ames. In the fall of 1959 and I960 the Ames test also 
received 50 pounds of nitrogen per acre. Following the seed harvest each 
year the plots were clipped and cultivated several times. 
Data were collected during three harvest seasons on bloom date, 
panicle number, fertility index and seed yield. Methods of evaluation 
were as follows : 
Bloom date - date when approximately 50$ of the panicles in a plot 
were in bloom. 
Panicle number - total count of two !-§- foot sections representative 
of each plot. 
Fertility index - determined on 5 randomly selected panicles per 
plot calculated as 
weight of clean seed x ^ 00 
weight of unthreshed panicles 
Seed yield - weight of clean seed harvested from a 10 foot section 
of each plot expressed in pounds per acre. 
For fertility index the five panicles from each plot were weighed to the 
nearest ,01 gram on a torsion balance and threshed in a Waring Blendor. 
Then the seed was cleaned using a South Dakota Seed Blower and weighed on 
a torsion balance. Seed harvested from the plots was air dried in the 
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greenhouse, threshed with a plot thresher, and cleaned on a Clipper 
Cleaner. Visual observations were employed for differences in stand per­
centage and spring vigor when apparent. 
Statistical procedures 
Standard analyses of variance were computed on the data obtained from 
each environment and on the data combined over environments. The form of 
the analysis of variance of forage yield data combined over three years 
at two locations is given in Table 1. Expected mean squares were written 
considering entries and cuts as fixed variables and reps, years and loca­
tions as random variables. The F tests for locations, entries, entries 
x locations, cuts, cuts x locations, cuts x entries, and cuts x entries 
x location were approximated using the procedure described by Cochran and 
Cox (1957). The form for the analysis of variance for seed traits combined 
over years and locations is given in Table 2. Mean square expectations 
were written considering entries as a fixed variable and reps, locations, 
and years as random variables. Approximated F tests were made for loca­
tions, entries and entries x location sources of variation. In order to 
compare the different seed lots and trends in generation advancement, an 
orthogonal breakdown of the entries degrees of freedom was used. Compon­
ents of variance were calculated as functions of mean squares in order to 
evaluate the magnitude of the genotype x environment interactions. Simple 
correlation coefficients were used to study interrelationships between seed 
characters and between forage traits in this study and seedling traits 
studied previously by Brown (I960). 
Table 1. Analysis of variance form for forage yield data combined over three years at two locations 
Source of 
variation D.F. M.S. Mean square expectations0 
Location (L) 1 % °^cyer(l) + 96o%yr(i) + 288o2r(l) + 384o^y-L + 115202! 
Rep/location (R/l) 6 °2cyer(l) + 96o2yr(x) + 288o2r(1) 
Entries (E) 23 M^ °2cyer(l) + 4o^ yer(l) + 1202er(l) + 320% + 4802q1 + l6o^ yel + 96K2 
E x L 23 M4 O^cyer(l) + 4o2yer(i) + 12o2er(l) + l6o2yei + ^ 8cj2q1 
E x R/L 138 M5 o2cyer(l) + 4c2 yer(l) + 12a2 er(l) 
Years (Y) 2 M6 o^cyer(l) + 96o^yr(i) + 384o2yi + 76Qcfiy 
Y x L 2 My °2cyer(l) + 96ofyrd) + 384(j2yl 
Y x R/L 12 Mq °2cyer(l) + 96o2yr(x) 
Y x E 46 
"9 °^cyer(l) + 4o2yer(l) + léo^yg^ + 32o
2yQ 
Y x E x L 46 M10 O^cyer(l) + 402yer(l) + I602yel 
Y x E x R/L 2?6 Mil °2cyer(l) + 4c2yer(l) 
^Subscripts on variance components are defined as follows2 c = cuts, y - years, e - entries, 
1 = locations and r(l) = reps in locations. 
Table 1 (Continued). 
Source of 
variation D.F. M.S. Mean square expectations' 
^cyerU) + 96o2cyl + ^ crfl) + 192c?0y + 288o2cl + 24o2cyr(1) 
j. 
Cuts (C) 3 M 12 
C x L 3 
C x R/L 18 
C x E 69 
C x E x L 69 
G x E x R/L 4l4 
C x Y 6 M 
C x Y x L 6 M 
C x Y x R/L 36 M20 
C x Y X E 138 M2X 
G X Y X E X L 138 M22 
G X Y X E X R/L 828 Mgg 
m13 
Mi4 
m15 
mi6 
Ml? 
18 
19 
+ 576K2 c 
2cyer(l) + ?2o2cr(1) + 96o2cyi + 24o2cyr(1) + 288o2cl 
02cyer(l) + 24o2cyr(l) + ?202cr(l) 
02 cyer(l) + 302oer(l) + ^ O2 Cye + 1202Qgi + 4o2y^  + 24o2ce 
^cyer(l) + ^ cerd) + ^ ^oyel + 
°2cyer(i; 
°2cyer(l 
O^cyerd 
o^cyerd 
O2 cyer(l 
o2, 
" '  VJCI \X/  — VJ o  uoo.  
^o2^  
-^^cer(l) 
96°=oyl + 2^ oyr(l) + I92cf,y " l o? 
+ 24o2cyr(i) + 96o2cyl 
+ 24o2oyr(2.) 
+ 4o2Cy0i + ^^oye 
cyer(l) + ^ ^cyel 
2 
0 cyer(l) 
Table 2. Analysis of variance form used for seed traits when data was combined over three years 
and two locations 
Source of 
variation D.F. M.S. Mean square expectations3 
Location (L) 1 Mi °2yer(l) + 24°2yr(1) + ?2o2rd) + 96cj2yl + 288o%i 
Rep/Location (R/L) 6 M2 o^yerd) + 24c2 yr(l) + 72o2r(1) 
Entries (E) 23 M^ °2yer(l) + 3°^er(l) yel ^-2^el ye + 24 K^g 
E x L 23 M4 °2yer(l) + 3o2er(l) + 4cfyel + 12ofgi 
E x R/L 138 m5 °2yer(l) + 3o2er(l) 
Years (Y) 2 «6 °2yer(l) + 24cfyr(i) + 96cfyi + 192cfy 
Y x L 2 M? O^yerd) + 24o2yr(l) + 96o2yl 
Y x R/L 12 m8 °2yer(l) + 24o2yr(l) 
Y x E 46 Mg °2yer(l) + ^ CJ2 yel + 802ye 
Y x E x L 46 M10 °2yer(l) + ^ yel 
Y x E x R/L 2?6 Mil °2yer(l) 
^Subscripts on variance components are defined as follows : y = years, e = entries, r(1) = reps 
in location and 1 = locations. 
26 
Dormancy Study 
Post-harvest dormancy appeared to be a factor in stand establishment 
in a previous study when seed lots were planted from one to four months 
after harvest. Exploratory studies concerning this were made in the seed 
laboratory in 1961. Several experiments were conducted relating various 
factors of seed storage, light, temperature and germination procedures 
to the germination of freshly harvested seed. Two samples of 100 seeds 
from seed lots obtained from the seed yield test at Ames and current re­
combination blocks of Iowa 6 were used in laboratory tests. In the fall, 
two field experiments were planted on September 9 using eight seed lots 
from these sources and the 1962 Syn. 2 lot of Iowa 6 each held under two 
storage conditions, plus 7 other seed lots for comparison. Experiment I 
consisted of single row plots 15 inches long and spaced one foot apart in 
which 100 seeds were planted at a one-inch depth. In Experiment II, single 
row plots ten feet long and two feet apart were planted using a Planet Jr. 
seeder. Randomized complete block designs were used with four and six 
replications respectively. Notes were taken on emergence, germination and 
vigor in these experiments in the fall and number of new seedlings the fol­
lowing spring. Analyses of variance were computed. In addition, the same 
25 seed lots used in the field experiments were germinated in the seed 
laboratory starting September 11 using field soil temperatures obtained 
at the one-inch depth. Interrelationships between the field and lab­
oratory results were studied by means of correlation. 
In 1962, germination of freshly harvested seed of five polycross lots 
and the Syn. 1 lot from an Iowa 6 recombination block were studied in the 
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seed laboratory. Five other seed lots were included for comparison. 
Germination was determined at four-week intervals for three months using 
two alternating temperatures. Potential germination was determined using 
the tetrazolium test at the beginning of each test. A field experiment 
of the same eleven entries, plus four additional ones, was planted on 
September 7 and 8 in a split-plot design replicated three times. Seed 
treated with arasan and untreated seed were considered whole plots and 
seed lots the sub-plots. One hundred seeds were seeded in single row 
plots 15 inches long and spaced one foot apart. Field notes for 
statistical analyses included emergence, germination, and vigor in the 
fall. 
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EXPERIMENTAL RESULTS 
The results are presented in the order given in the Materials and 
Methods section. Agronomic data from the forage and seed experiments 
appear first and are accompanied by discussions of components of variance 
and orthogonal comparisons among the entries. The last section deals with 
seed dormancy studies in the seed laboratory and in the field. 
Forage Experiments 
Stand establishment 
Mean stand percentages at each location and mean fall vigor ratings 
at Albia are reported in Table 32 of the Appendix. Analyses of variance 
of the data appear in Appendix Table 33* Fall stands in 1959 were nearly 
perfect at Ames but somewhat variable at Albia. Means of different en­
tries at Albia, which were significantly different (.01 level), ranged 
from 57.5> for Potomac to 99.0$ for a polycross entry. Differences also 
were noticed in vigor. Mean fall vigor ratings at Albia in the seeding 
year ranged from 2.0 for a polycross entry to 6.0 for Potomac, with (l) 
best and (9) poorest. Potomac and the Syn. 1 lot of Iowa 1 produced in 
1953, which had the lowest stands, were also poor in fall vigor. Weak 
stands in the seeding year would likely influence subsequent performance. 
However, a notable increase in stand was noticed in 1961 at Albia in plots 
of these two seed lots (Appendix Table 32). 
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Forage yield 
Forage yield data were obtained at Ames and Albia for each crop 
season from 1960-1962. Means for the 24 seed lots are presented in 
Appendix Table 34. Analyses of variance for each environment and for 
environments combined are presented in Tables 3, 4 and 5- Entry means 
were not significantly different except at Albia in I960, where differences 
may have resulted from variations in stand establishment. A correlation 
of +.68 was obtained between the first cutting yield in I960 and stand at 
Albia. In the analysis of variance of the data combined over years and 
locations, the entry x year and entry x location interactions were non­
significant whereas the entry x year x location interaction was signifi­
cant (.05 level). The corresponding components of variance are presented 
in Table 6. These results indicate that there was a differential response 
to environments which was not accounted for by year or location groupings. 
An indication of the bias that might be encountered by limited testing at 
one location also is shown by the significant E x Y interaction at Albia 
in Table 4. Yields of cuttings were different in all trials as was ex­
pected since orchardgrass yields are highest in the first harvest and 
vary in later harvests depending upon the distribution and amount of rain­
fall during the growing season. 
The orthogonal comparisons among the synthetic generations and be­
tween seed lots of different origin are presented in Table ? for each en­
vironment, for environments combined at each location, and over three 
years at both locations. Only one yield difference was significant (.05 
level) in the analysis of the data combined over all environments. This 
Table 3• Analyses of variance of forage yield data combined over cuttings for each year and for 
years combined at Ames 
Mean squares 
Source of variation D.F. I960 1961 1962 1960-62 
Replication (R) 
Entries (E) 
R x E 
3 
23 
69 
.1710** 
.0472** 
.1009 
.0138 
.0195** 
.2367** 
.0376 
.0401** 
.3182 
.0746 
.0858** 
Years (Y) 
Y x R 
Y x E 
Y x R x E 
2 
6 
46 
138 
.4250 
.0952* 
.0140 
.0105* 
Cuts (C) 
C x R 
C x E 
C x R x E 
C x Y 
C x Y x R 
C x Y x E 
C x Y x E x R 
3 
9 
69 
207 
6 
18 
138 
414 
13.8574** 
,o4o6* 
.0168 
.0133 
4.6547** 
.0852** 
.0069 
.0052 
18.8908** 
.0576** 
.0105 
.0120 
31.4046** 
.0300 
-0131*+ 
.0151 
2.9991** 
.0767** 
.0106 
.0077 
C. V. (#) 16.38 11.20 16.86 13.19 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
Table 4. Analyses of variance of forage yield data combined over cuttings for each year and for 
years combined at Albia 
Mean squares 
Source of variation D.F. 1960 1961 1962 1960-62 
Replication (R) 
Entries (E) 
R x E 
3 
23 
69 
.0486** 
.0478** 
.0157 
.0094* 
.0109 
.0094** 
.0341** 
.0053 
.0089 
.0802** 
.o4o4 
.0207** 
Years (Y) 
Y x R 
Y x E 
Y x R x E 
2 
6 
46 
138 
2.0857** 
.0059., 
.0118** 
.0067 
Cuts (C) 
C x R 
C x E 
C x R x E 
C x Y 
C x Y x R 
C x Y x E 
G x Y x E x R 
3 
9 
69 
20? 
6 
18 
138 
4l4 
14.5528** 
.0314** 
.0210** 
.0119 
15.2276** 
.0260** 
.0140** 
.0034 
27.6722** 
.0301** 
.0069 
.0065 
47.5270** 
.0310 
.0128 
.0086* 
4.9628** 
.0282** 
.0146** 
.0066 
C. V. (#) 15-70 10.34 14.12 13.33 
*F value exceeds the 5% level of probability. 
**F value exceeds the 1$ level of probability. 
Table 5» Analyses of variance of forage yield data combined over cuttings and locations for each 
year and years combined 
Mean squares 
Source of variation D.F. I960 1961 1962 1960-62 
Location (L) 1 .0165 1.2288** 1.1915* 1.8073 
Rep/location (R/L) 6 .1098** .0552 .1354** .1992* 
Entries (E) 23 .0598 .0156 .0230 .0707 
E x L 23 .0392 .0091 .0199.. .0442 
E x R/L 138 .0315** .0145** .0245** .0532** 
Years (Y) 2 2.1959 
Y x L 2 .3148* 
Y x R/L 12 .0506** 
Y x E 46 .0132 
Y x E x L 46 .012?* 
Y x E x R/L 276 
45.2528** 
.0086* 
Cuts (C) 3 26.9966* 18.1920* 77.9183** 
C x L 3 1.4135** 1.6904** 1.3102** 1.0133 
C x R/L 18 .0360** .0558** .0438** .0305 
C x E 69 .0183 .0155** .0095 .0158 
C x E x L 69 .0195** .0054 .0079 .0102 
C x E x R/L 4l4 .0126 .0043 .0112 .0118** 
C x Y 6 6.2615 
C x Y x L 6 1.7004** 
C x Y x R/L 36 .0525** 
C x Y x E 138 .0140 
C x Y x E x L 138 .0111** 
C x Y x E x R/L 828 .0071 
C. V. (#) 16.04 10.86 17.38 13.22 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
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Table 6. Entry and entry x environment components of variance for 
panicle number and forage and seed yield 
Forage 
yield 
Seed 
yield 
Panicle 
number 
.00027 1467-56** 451.98** 
°%1 -.00027 -111.09 -86.92 
.00002 531.33 -37.62 
.00026* 1215.19** 336.50** 
^yer(l) .00038 3580.36 1065.97 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1/6 level of probability. 
was between the mean yields of the Iowa 1 and Iowa 6 synthetics averaged 
over all generations and seed lots within each generation. This sub­
stantiates the superiority of the Iowa 6 synthetic, which was named 
Sterling and released for commercial production in I960. The three gen­
erations of each synthetic are compared in the first four comparisons in 
Table 7- The difference in yields of the Iowa 1 synthetic, comparing the 
Syn. 1 and the Syn. 2+3 means in I960 at Albia, may have been due to 
the poor stand and subsequent lower yield of the 1953 seed lot of the 
Syn. 1 (see Appendix Table 3^). In both synthetics, the Syn. 3 yielded 
more than the Syn. 2 (see Table 8). The higher yield of the Syn. 3 was 
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most likely due to natural selection during establishment of plantings 
for the production of Syn. 3 seed. Both seed fields were established in 
1956, a drought year. Evidently natural selection favored plants with 
superior forage yielding ability. The Syn. 1 and Syn. 2 generation of 
each synthetic yielded essentially the same despite the fact that the 
number of parent clones differed. Theoretically one would expect the 
Syn. 1 to be the highest yielding, when F^ plants are used, with a greater 
yield drop in the Syn. 2 for the Iowa 6 (5 clone) synthetic than the 
Iowa 1 (11 clone) synthetic. This was not observed in this study. 
Comparisons were made among seed lots of the Syn. 1 and Syn. 2 
generation in each synthetic, and among polycross progenies of the same 
clone, to study the influence of origin of seed on performance. No sig­
nificant differences were found among the Syn. 1 or among the Syn. 2 seed 
lots of either Iowa 1 or Iowa 6. The superiority of the 1957 lot over 
the 1955 lot of the Syn. 2 of Iowa 6 at Ames resulted from one higher 
yielding plot. In the comparisons of the polycross seed lots only one 
significant difference was noted. This may have been due to chance. 
The difference between locations in the comparison of seed lots of 160-6 
was due to one high yielding plot at Ames. The general consistency in 
performance of seed lots from different years and plantings indicates 
that the procedures used to minimize changes had been effective. 
Correlations between forage traits and seedling vigor traits 
The 24 seed lots used in this study had been evaluated previously by 
Brown (i960) for seedling vigor traits. Comparisons were made of seedling 
performance in the previous experiments with performance in the forage 
Table ?. Orthogonal comparisons among the forage yields of 24 seed lots for each year, over years at 
a location and over three years at both locations 
Ames Albia Combined 
Comparison I960 1961 1962 1960-62 I960 1961 1962 1960-62 1960-62 
Ia. 1: Syn. 1 vs. Syn. 2+3 _a _ _ * _ _ 
la. 1: Syn. 2 vs. Syn. 3 - * * - — +a - — — 
Ia. 6: Syn, 1 vs. Syn. 2+3 — — — - + + — + — 
Ia. 6: Syn. 2 vs. Syn. 3 
-
+ + + ** 
- -
** 
-
la. 1 Syn. 1: 1958 vs. 1953 + 1955 — _ + — — — 
la. 1 Syn. 1: 1953 vs. 1955 - - - - - - + - -
la. 1 Syn. 2: 1955 vs. 1956 + - - + + - + + 
Ia. 6 Syn. 1: 1955 vs. 1958 + - + + + + + + + 
Ia. 6 Syn. 2: 1955 vs. 1957 
- - - -
+ 
-
+ + 
-
P.C. 64-6: 1955 vs. 1958 + + + + + + + + + 
P.C. 120-6: 1955 vs. 1958 + + + + + + - + + 
P.C. 160-6: 1955 vs. 1958 + + + ** - - - + 
P.C. 120-1: 1955 vs. 1958 - - - - + - - - -
P.C. 149-1: 1955 vs. 1958 - - - - + + - + -
P.C. 160-1: 1955 vs. 1958 
-
4* + + + 
-
+ + + 
Potomac vs. others — — — — - — - -
Syn. generations vs. polycrosses + + + + — - - — -
P.C. Ia. 1 vs. Ia. 6 - - - - ** — - * -
P.C. 120-1 vs. 149-1 + 160-1 + + + + + +* - + + 
P.C. 149-1 vs. 160-1 _ + — - - + - -
P.C. 64-6 vs. 120-6 + 160-6 - — - — + — + - -
P.C. 120-6 vs. 160-6 _ — — — - - - - — 
Syn. Ia. 1 vs. Ia. 6 _** 
-
-
-
_* _* + 
-
* 
a+, - indicate which side of the comparison is highest, + for left and - for right. 
*F value exceeds the 51° level of probability. 
**F value exceeds the 1% level of probability. 
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Table 8. Mean performance of three generations of Iowa 1 and Iowa 6 for 
forage and seed yield over all environments 
Forage yield Seed yield 
Iowa 1 
Syn. 1 2.43 373.4 
Syn. 2 2.46 348.6 
Syn. 3 2.68 353.0 
Iowa 6 
Syn. 1 2.60 421.8 
Syn. 2 2.61 363-4 
Syn. 3 2.72 373.2 
tests of the present trials. Correlation coefficients are presented in 
Table 9. Germination or stand percentage in seedling vigor Experiments 
I, II and 17 in the field was significantly correlated with field stand 
at Albia in the fall of the seeding year. Apparent correlations of days 
to emergence in Field Experiment IT with fall vigor in 1959 at Albia, and 
first cutting and total forage yield in I960 at Albia and Ames, were due 
to the performance of Potomac. When Potomac was omitted from the cal­
culations, non-significant correlations were obtained. Other correlations 
were low and non-significant. 
Seed Experiments 
Stand establishment 
In the seed tests, fall stands in 1959 were almost perfect with a 
mean of 99.7$ and 95*2/6 at Ames and Albia respectively. Mean stand per­
centages for the seed lots are presented in Appendix Table 35 while 
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Table 9. Correlations between character evaluations in seedling vigor 
tests and traits in the forage experiments 
Albia Ames 
Stand Fall First Total First Total 
($) vigor cutting yield cutting yield 
1959 1959 i960 i960 I960 I960 
Experiment Ia 
Days to emergence 
Percent germination .64** 
Experiment II 
Days to emergence 
Percent stand .58** 
Spring vigor -.44* 
Experiment III 
Days to emergence 
Percent germination .33 
Seedling weights .17 
Experiment IV 
Days to emergence 
Percent germination .68** 
Seedling weights .35 
.21 .24 .12 
.12 .14 .08 
.39 -.22 -.11 -.27 -13 
.02 -.22 .20 -.27 -.10 
00 0
 -.13 -.18 .20 -.06 
.79** 
.22b 
.53** 
-06b 
.70** 
-.16 
.73** 
-.10b :=1 
.26 .19 .09 .09 -.05 
** 
:b 
^Correlations are based on 22 degrees of freedom in Experiments I, 
II and III and on 21 degrees of freedom in Experiment IV except when 
Potomac was omitted in the calculation of correlations involving days to 
emergence. 
^Potomac omitted from the calculations. 
*"rn value exceeds the 5$ level of probability. 
**"r" value exceeds the 1% level of probability. 
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analyses of the data appear in Table 36 of the Appendix. 
Seed yield 
Seed yield data were obtained at Ames and Albia for each crop season 
from 1960-1962. Mean yields for the 24 seed lots are presented in Ap­
pendix Table 37. Analyses of variance of the data for each environment 
and for environments combined are presented in Tables 10 and 11. Entry 
means were different (.05 level) in all analyses except in the analysis 
of the 1961 data combined over locations. The entry x location inter­
action was significant (.01 level) in this analysis (see Table 11). This 
was due in part to the differential seed yield of Potomac at the two loca­
tions. The low seed yield and the poor spring vigor rating of 4.5 (see 
Appendix Table 35) for Potomac at Ames suggested winter injury. Cool 
temperatures in September and October were followed by warm temperatures 
until late December. Since plants brought into the greenhouse in October 
flowered, it would appear that induction had occurred and that initiated 
apices in Potomac had not survived the winter. 
Entry x environment components of variance are presented in Table 6. 
The entry x year and entry x location interactions were low and non-sig­
nificant while the entry x year x location interaction was significant 
(.01 level). The latter was about equal in magnitude to the entry com­
ponent of variance and indicates a differential response to environments. 
The entry x year interaction was significant (.01 level) in the analysis 
of the data combined over years at each location and the entry x location 
interaction was significant (.05 level) in the analysis of the data com­
bined over locations in I960 and 1961, again indicating possible bias when 
Table 10. Analyses of variance of seed yield data for each year and years combined at each location 
Mean squares 
Source of variation D.F. I960 1961 1962 1960-62 
Replication (R) 
Entries (E) 
R x E 
3 
23 
69 
1029.37 
17356.55** 
2095.14 
Ames 
17846.08** 
15865.19** 
2252.24 
5193.61 
18500.00** 
4881.14 
11569.53. 
26757.43 
3317.03 
Years (Y) 
Y x R 
Y x E 
Y x R x E 
2 
6 
46 
138 
619926.95** 
6249.76 
12482.16** 
2955.74 
c. V. (#) 13.77 16.72 15.85 15.43 
Replication (R) 
Entries (E) 
R x E 
3 
23 
69 
11701.32 
17045.26** 
4690.68 
Albia 
8045.00 
13705.28** 
3378.52 
6335.62 
14400.03 
5102.77 
3612.20 
27849.18** 
4762.04 
Years (Y) 
Y x R 
Y x E 
Y x R x E 
2 
6 
46 
138 
2327685.00** 
11235.12* 
8650.70** 
4204.97 
C. V. (£) 22.38 16.49 11.98 15.50 
*F value exceeds the 5% level of probability. 
**F value exceeds the 1% level of probability. 
Table 11. Analyses of variance of seed yield data combined over locations 
Mean squares 
Source of variation D.F. I960 1961 1962 1960-62 
Location (L) 
Rep/location (R/L) 
Entries (E) 
E x L 
E x R/L 
1 
6 
23 
23 
138 
33654.97 
6365.35. 
28547.43** 
5854.38* 
3392.91 
226600.02** 
12945.80** 
18170.63 
11399.85** 
2815.38 
1155991.62** 
5764.62 
25704.78** 
7195.26 
4991.96 
623573.50 
7590.85 
47039.36** 
7567.24 
4039.54 
Years (Y) 
Y x L 
Y x R/L 
Y x E 
Y x E x L 
Y x E x R/L 
2 
2 
12 
46 
46 
276 
2551275.25 
396336.65** 
8742.45** 
12691.74 
8441.12** 
3580.36 
C. V. <$) 18.24 16.68 13.63 15.53 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
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strains are tested in only a few environments. 
Orthogonal comparisons among the 24 seed lots are presented in 
Table 12. The mean yield of Potomac was significantly lower than the 
mean yield of the other 23 entries in the analysis of the data combined 
over all environments. The synthetic generations and polycross lots of 
Iowa 6 appeared to be higher yielding than those in Iowa 1, although not 
significantly different in the combined analysis. The Syn. 1 generation 
mean was higher than the Syn. 2+3 mean in both synthetics. The differ­
ence for the Iowa 6 (5 clone) synthetic was significant (.05 level) in the 
combined analysis. In each synthetic the Syn. 2 and Syn. 3 yielded ap­
proximately the same (see Table 8). Over all environments, no significant 
differences in yield were found among the seed lots of the Syn. 1 or Syn. 
2 generations of each synthetic. Also, polycross seed lots from different 
years were quite similar in seed yield, except for 160-1 at Albia. This 
exception may have resulted from a difference in stand (see Appendix 
Table 35). The lack of consistent significant differences indicates 
that procedures used were effective in minimizing genetic shifts. 
Panicle number 
Data on panicle number, a component of seed yield, were taken each 
year at both locations. Means for the 24 seed lots are presented in 
Appendix Table 38. Panicle number was somewhat lower at Ames than at 
Albia in I960 and 1961. Entry means were different in 10 of 12 analyses 
of variance (see Tables 13 and 14). The entry x location interaction in 
the analysis of the 1961 data combined over locations was due in part to 
the differential performance of Potomac. The components of variance are 
Table 12. Orthogonal comparisons among the seed yields of 24 seed lots for each year, over years at 
a location and over three years at both locations 
Comparison 
Ames 
I960 1961 1962 1960-62 
Albia Combined 
I960 1961 1962 1960-62 1960-62 
la. 1 
la. 1 
Ia. 6 
Ia. 6 
Syn. 1 vs. Syn. 2 + 3 
Syn. 2 vs. Syn. 3 
Syn. 1 vs. Syn. 2+3 
Syn. 2 vs. Syn. 3 
Ia. 1 Syn. 1: 
Ia. 1: 1 Syn 
Ia. 1 Syn. 2s 
Ia. 6 Syn. 1: 
Ia. 6 Syn. 2: 
1958 vs. 
1953 vs. 
1955 V S .  
1955 V S .  
1955 vs. 
1953 + 1955 
1955 
1956 
1958 
1957 
P.C. 
P.C. 
P.C. 
P.C. 
P.C. 
P.C. 
64-6 i 
120-6 
I6O-6 
120-1 
149-1 
160-1 
1955 vs. 1958 
1955 vs. 1958 
1955 vs. 1958 
1955 vs. 1958 
1955 vs. 1958 
1955 vs. 1958 
Potomac vs. others 
Syn. generations vs. polycrosses 
P.O.: Ia. 1 vs. Ia. 6 
P.C.: 120-1 vs. 149-1 + 160-1 
P.C.: 149-1 vs. 160-1 
P.C.; 64-6 vs. 120-6 + 160-6 
P.C.: 120-6 vs. 160-6 
Syn. Ia. 1 vs. Ia. 6 
_a +**a + + +* + + 
+ + + + 
+** + + + +** + + + +* 
- -
+ 
-
+ 
- - - -
+ + +* + + + — + + 
+ + + - + + + + 
+ + + + + + + 
* 
+ + — — — +* + + 
+ + 
-
+ + + 
-
-
+ 
+* 
** 
+ + + 
+ _ — — — + - -
_ 
_ + + 
* + + 
_* + — — — 
_ + + + + + 
+ 
_* 
*. 
_** * 
_ 
** ** ** ** ** ** * ** 
** 
_** * _** * _* 
* * ** ** 
.4.** +* +** +* + +* +* +** 
** + _** _** + 
** +** +* + 
** * 
+** +** + +** + + + 
** , 4. * ** ** 
a+, - indicate which side of the comparison is highest, + for left and - for right. 
*F value exceeds the 5$ level of probability, 
**F value exceeds the 1/6 level of probability. 
Table 13. Analyses of variance of panicle number data for each year and years combined at each loca­
tion 
Mean squares 
Source of variation D.F. I960 1961 1962 1960-62 
Replication (R) 
Entries (E) 
R x E 
3 
23 
69 
127.93 
1608.91** 
327.97 
Ames 
8596.04** 
3268.14** 
788.53 
3737.51 
5963.49** 
1846.45 
5623.89 
6678.72 
2635.60** 
Years (Y) 
Y x R 
Y x E 
Y x R x E 
2 
6 
46 
138 
1242216.20** 
3418.80** 
2080.91** 
163.67 
C. V. <$) 21.97 19.57 14.19 7.26 
Replication (R) 
Entries (E) 
R x E 
3 
23 
69 
1021.24 
2238.13** 
707.42 
Albia 
874.71 
5145.02** 
1361.50 
397.08 
3716.60** 
974.00 
702.95_ 
6215.60** 
1109.98 
Years (Y) 
Y x R 
Y x E 
Y x R x E 
2 
6 
46 
138 
1045309.58** 
795.04 
2442.08** 
966.47 
c. V. ($>) 26.94 23.08 10.33 16.63 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
Table 14. Analyses of variance of panicle number data combined over locations 
Mean squares 
Source of variation D.F. I960 1961 1962 1960-62 
Location (L) 
Rep/location (R/L) 
Entries (E) 
E x L 
E x R/L 
1 
6 
23 
23 
138 
12821.67** 
574.58 
3308.11** 
538.93 
517.70 
12756.37*. 
4735.37 
5146.59 
3266.57** 
1075.01 
19.32 
2067.29 
7487.66** 
2192.43 
1410.22 
16394.75 
3163.41 
11720.37** 
1173.95 
870.99 
Years (Y) 
Y x L 
Y x R/L 
Y x E 
Y x E x L 
Y x E x R/L 
2 
2 
12 
46 
46 
276 
2282924.48** 
4601.30 
2106.93* 
2111.00 
2411.99** 
1065.97 
C. V. ($) 25.12 21.63 12.42 17.99 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
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presented in Table 6. The entry x year and entry x location interactions 
were negative and non-significant while the entry x year x location inter­
action was significant (.01 level) and of the same magnitude as the entry 
component. This indicates that the entries responded differentially when 
grown under different environments. 
Orthogonal comparisons of panicle numbers among the 24 seed lots are 
presented in Table 15• The mean of Potomac was lower than the mean over 
the other 23 entries in the combined analysis of six environments. Also, 
the synthetic generations and polycross lots of Iowa 6 had more panicles 
than those in Iowa 1. No consistent differences were found between syn­
thetic generations, between lots of the Syn. 1 or Syn. 2 generations and 
between polycross lots of the same clone from two different years. These 
results indicate that the procedures used to minimize changes were 
effective. 
Correlations between panicle number and seed yield for each environ­
ment are presented in Table 16. Five of six correlations were significant 
at the .05 or .01 level. 
Fertility index 
Data on this attribute of seed yield were obtained each year. Fer­
tility index means for the seed lots are presented in Table 39 of the 
Appendix. Entry means were different in 7 of 12 analyses of variance 
presented in Tables 17 and 18. The overall means ranged from 60.5$ for 
the Syn. 2 of Iowa 1 to 68.0$ for Potomac. Among the polycross seed lots, 
fertility indices of clones 120 and 149 were the highest and lowest re­
spectively. Polycross lots harvested in different years were relatively 
Table 15. Orthogonal comparisons among panicle number of 24 seed lots for each year, over years 
combined at a location and over three years at both locations 
Ames Albia Combined 
Comparison i960 1961 1962 1960-62 I960 1961 1962 1960-62 1960-62 
Ia. 1 : Syn. 1 vs. Syn. 2 + 3 _a +*a + + „ _ + _ + 
Ia. 1; Syn. 2 vs. Syn. 3 + — + + + + + + + 
Ia. 6s Syn. 1 vs. Syn. 2 + 3 + + + + +* — + + + 
Ia. 6s Syn. 2 vs. Syn. 3 - - + + - - + - + 
Ia. 1 Syn. 1 1958 vs. 1953 + 1955 _ + + + + + _ 
la. 1 Syn. 1 1953 vs. 1955 - + - - + + - + + 
la. 1 Syn. 2 1955 vs. 1956 + - + + + + 
+** 
-
+ 
Ia. 6 Syn. 1 1955 vs. 1958 — + + + + - + + 
Ia. 6 Syn. 2 1955 vs. 1957 +** + + + - - + - + 
P.O. 64-6s 1955 vs. 1958 + • • • — + + — — 
P.C. 120-6: 1955 vs. 1958 + - - - - - - - -
P.C. l60-6: 1955 vs. 1958 - + - - - + + - -
P.C. 120-1: 1955 vs. 1958 - + + + - + - -
P.C. 149-1: 1955 vs. 1958 + + + + + -* - - -
P.C. 160-1: 1955 vs. 1958 * + - - - - + + -
Potomac vs. others ** _** ** — * ** ** ** 
Syn. 
P.C. 
generations vs. polycrosses 
Ia. 1 vs. Ia. 6 ** ** ** ** _** ** :* ** ** 
P.C. 
P.C. 
120-1 
149-1 
vs. 149-1 + l60-l 
vs. 16O-I _** 
+ 
+ 
+* 
_** 
+ ** 
_** ** 
+ 
** ** 
+ 
_** 
P.C. 64-6 vs. 120-6 + I0O-6 — - + - - + - -
P.C. 
Syn. 
120-6 
la. 1 
vs. 160-6 
vs. Ia. 6 
-
+ 
* : 
+ 
_** 
-
_** _** 
a+, - indicate which side of the comparison is highest, + for left and - for right. 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
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Table 16. Correlations between panicle number and seed yield for each 
environment 
Location 
Year Ames Albia 
I960 .84**a .82** 
1961 .91** .80** 
1962 .22 .47* 
^Correlations based on 22 degrees of freedom. 
*nr" value exceeds the 5$ level of probability. 
**nr" value exceeds the 1$ level of probability. 
consistent in fertility index averaged over years and locations. Fertility 
index for the two synthetics generally decreased with generation advance­
ment . Seed lots of the Syn. 1 and Syn. 2 generations for each synthetic 
were somewhat variable. 
Bloom date 
Bloom date means are presented in Appendix Table 40. Blooming was 
one to eight days earlier at Albia than at Ames. There was very little 
difference in maturity among the seed lots. Potomac tended to be the 
earliest while polycross lots of clone 149 were the latest. Seed lots of 
the same synthetic generation and polycrosses of the same clone from dif­
ferent years were relatively consistent for each environment, indicating 
little change in maturity. 
Table 17. Analyses of variance of fertility index data for each year and years combined at Ames 
and Albia 
Mean squares 
Source of variation D.F. I960 1961 1962 1960-62 
Replication (R) 
Entries (E) 
R x E 
Years (Y) 
Y x R 
Y x E 
Y x R x E 
C. V. (#) 
Replication (R) 
Entries (E) 
R x E 
Years (Y) 
Y x R 
Y x E 
Y x R x E 
Ames 
3 
23 
69 
2 
6 
46 
138 
3 
23 
69 
2 
6 
46 
138 
18.33 
51.04** 
19.35 
7.39 
.79 
40.09 
26.01 
54.04 
48.52* 
23.98 
7.18 
Albia 
13.26 
38.50* 
20.39 
121.40** 
14.80 
21.85 
6.94 
10.18 
33.18 
26.47 
47.54 
73.10* 
30.56** 
2204.06** 
73.11** 
20.63 
17.31 
6.4o 
2.04 
50.46 
29.07 
1043.84** 
11.09 
30.66 
21.90 
C. V. ($) 8.47 7.10 7.70 7.36 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
Table 18. Analyses of variance of fertility index data combined over locations 
Mean squares 
Source of variation D.F. I960 1961 1962 1960-62 
Location (L) 
Rep/location (R/L) 
Entries (E) 
E x L 
E x R/L 
1 
6 
23 
23 
138 
26.25 
71!76** 
19.35 
22.68 
981.02** 
33.65 
47.46 
39.55* 
22.19 
14.08 
65.79* 
37.42** 
10.57 
24.36 
299.01 
24.78 
97.78** 
29.81** 
Years (Y) 
Y x L 
Y x R/L 
Y x E 
Y x E x L 
Y x E x R/L 
2 
2 
12 
46 
46 
2?6 
2886.72.. 
361.17 
42.10* 
29.43 
21.85 
19.61 
c. V. (#) 7.96 7.15 7.33 6.89 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
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Dormancy Study 
Laboratory experiments in 1961 
The first study in the seed laboratory, using seed obtained from the 
24 entries in the seed yield test at Ames, was started two weeks after 
harvest on July 13. One-half of each seed lot was held in cold storage 
for two days before starting the test. Two germination procedures were 
used, one involving the prechilling of moistened seed for three days at 
10° C. and the other, no prechilling. Standard conditions of light and 
temperature (20-30° C.) were used. Germination means for these lots are 
presented in Table 19. There was essentially no difference in germination 
due to storage conditions, since only two days of cold storage were used, 
and no advantage was observed for prechilling the seed before germination. 
A second experiment was started in the seed laboratory August ? 
using polycross seed from clones 64, 120, 121 and 160 and the Syn. 1 
generation from an Iowa 6 recombination block harvested in 1961. The 
I960 Syn. 1 generation of Iowa 6 was included as a check. The 1961 seed 
was after-ripened for about one month before being placed under cold and 
under laboratory storage. Two alternating temperatures of 20-30° C. and 
20-35° C. and two constant temperatures of 25° C. and 30° C. were used 
both with and without light. Mean germination percentages for the six 
seed lots are presented in Table 20. Under the alternating temperatures 
very little difference was observed in germination in the presence or 
absence of light, but under constant temperatures the use of light was 
beneficial. The alternating temperatures of 20-35° C. inhibited germin­
ation to some extent under both light and dark treatments, particularly 
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Table 19- Germination means of 24 seed lots of orchardgrass from the 
seed yield experiment at Ames following storage under lab­
oratory and cold conditions and prechilling versus no pre­
chilling 
Laboratory storage Cold storage 
Entry in 
seed test Prechill No prechill Prechill No pre chill 
1-1-1953 93.0 92.5 96.5 94.0 
1-1-1955 94.0 90.0 94.5 92.0 
1-1-1958 93.5 96.0 94.5 90.5 
1-2-1955 94.5 95.5 94.5 97.0 
1-2-1956 93.0 92.0 97.0 97.0 
1-3-1957 92.5 89.0 96.0 89.0 
6-1-1955 92.0 92.0 93.0 93.5 
6-1-1958 95-0 95.0 96.5 96.5 
6-2-1955 94.5 91.0 93.0 95.5 
6-2-1957 92.5 97.5 96.5 96.5 
6-3-1957 89.0 ' 91.0 93.0 91.0 
64-6-1955 95.5 93.5 95.5 94.0 
64-6-1958 94.5 88.0 93.5 93.0 
120-1-1955 94.0 94.0 94.0 95.0 
120-1-1958 94.0 94.5 91.0 95.0 
120-6-1955 96.0 92.5 93.5 88.0 
120-6-1958 95.5 91.5 97.5 ' 96.0 
149-1-1955 92.0 89.0 88.0 90.5 
149-1-1958 91.5 90.5 93.0 91.0 
160-1-1955 92.0 88.5 92.5 91.0 
160-1-1958 93.0 92.0 96.5 95.5 
160-6-1955 92.0 93.0 95.0 93.5 
160-6-1958 93.0 87.5 95.0 96.5 
Potomac 95.5 91.0 98.0 92.0 
Mean 93.4 92.0 94.5 93.5 
for the polycross seed of clone 64. 
Another experiment was started in the seed laboratory August 28 
using the I960 and 1961 Syn. 1 generation cf Iowa 6 and 1961 polycross 
seed from clones 64 and 160. Seed from two storage conditions was 
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Table 20. Germination means of six seed lots of orchardgrass under 
light and dark conditions and four temperatures 
Light Dark 
Entry 20-30° C. 20-35°c. 25°c. 30°c. 20-30°C. 20-35°C. 25°C. 30°c 
6-1-1960 97.0 89.0 51.0 3-5 95.0 94.0 4.0 0.5 
6-1-1961 93.5 85.5 45-5 5-5 94.0 91.0 10.0 1.0 
120-6-1961 98.5 91.0 30.0 4.0 95.5 89.5 1.5 0.5 
160-6-1961 96.5 87.5 45.0 11.5 89.0 93.0 5.5 1.0 
121-6-1961 96.5 92.0 43.5 2.0 95.5 92.0 5.0 1.0 
64-6-1961 84.5 70.5 34.5 5.0 84.0 73.0 7.0 2.5 
Mean 94.4 85.9 41.6 5-2 92.2 88.8 5.4 1.1 
germinated with and without prechilling under three alternating temper­
atures of 20-30° C., 20-35° C., and 15-24° C. The means in Table 21 
show that germination was better under 15-24° C. than 20-35° C. and about 
equal to 20-30° C. The analysis of variance in Table 22 indicates that 
the effect of temperature was significant at the .01 level. The inter­
action of temperatures x prechilling was due primarily to the higher ger­
mination for the prechill treatment when seed was germinated at 20-35° C. 
Entry means also were different in germination. Polycross seed of clone 
64 was lower in germination than polycross seed of clone 160. Potential 
germination for this lot as determined by the tetrazolium test showed that 
only 89$ were viable of which 9$ had no aleurone staining. Maximum ger­
mination was obtained under alternating temperatures of 15-24° C. In a 
later study using seed of Latar, a dormant lot from the west coast, a 
similar relationship among these three alternating temperatures was 
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Table 21. Germination means of four seed lots of orchardgrass under three 
alternating temperatures following storage under laboratory and 
cold conditions and prechilling versus no prechilling 
No prechill Prechill 
Entry 20-30°C. 20-35°C. 15-24°C. 20-30°C. 20-35°C. 15-24°( 
Laboratory storage 
6-1-1960 96.5 93.0 96.0 98.0 94.5 92.0 
6-1-1961 97.0 90.0 95.5 94.0 94.5 95.0 
64-6-1961 87.5 80.5 90.0 80.0 83.0 89.0 
160-6-1961 94.0 94.5 98.5 93.5 96.0 94.0 
Mean 93.8 89.5 95.0 91.4 92.0 92.5 
Cold storage 
6-1-1960 94.0 91.5 94.0 99.0 97.0 93.0 
6-1-1961 96.0 91.5 96.0 94.5 94.0 94.5 
64-6-1961 85.5 80.0 88.0 86.0 87.5 85.0 
160-6-1961 97.5 93.5 94.0 96.0 91.5 96.5 
Mean 93.2 89.1 93.0 93.9 92.5 93.5 
observed (see Table 23). This would indicate that polycross seed of 
clone 64 exhibited dormancy. 
Field experiments in 1961 
Environmental conditions during germination and emergence were 
satisfactory with respect to temperatures and moisture conditions after 
planting on September 9. However, 21 days after planting on September 30, 
a four-inch rainfall caused variable soil washing in both experiments. 
Means for the traits observed are presented in Table 24 and the analyses 
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Table 22. Analysis of variance of laboratory germination data for seed 
lots stored under two conditions and germinated with and with­
out prechilling under three alternating temperatures 
Source of variation D. F. Mean squares 
Replication (R) 1 7.59 
Storage (S) 1 .84 
Error a 1 .52 
Prechill (P) 1 3.01 
P x S 1 31.51 
Error b 2 13.76 
Temperature (T) 2 68.20** 
1 + 2 vs. 3a 1 53.13** 
1 vs. 2 1 83.27** 
T x S 2 4.60 
T x P 2 40.07** 
Error c 10 4.18 
Entries (E) 3 568.95** 
546.26** 1 + 2 vs. 3 + 4b 1 
1 vs. 2 1 10.08 
3 vs. 4 1 1150.52** 
E x S 3 .76 
E x P 3 10.32 
E x T 6 11.23 
Error d 57 8.70 
G. V. (56) 3.19 
al, 2 and 3 refers to 20-30° C., 20-35° C. and 15-24° C. 
respectively. 
^1, 2, 3 and 4 refers to entries 6-1-1960, 6-1-1961, 64-6-1961 and 
160-6-1961 respectively. 
**F value exceeds the level of probability. 
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Table 23. Germination means of three lots of orchardgrass from the west 
coast under three alternating temperatures and the tetrazolium 
value for each 
Entry 20-30°C. 20-35°c. 15-24°C. Tetrazolium 
Potomac 98.5 97.5 98.0 96.0 
S143 97.0 97.0 98.0 97.0 
Latar 89.5 70.0 90.0 95-0 
Mean 95.0 88.1 95.3 96.0 
of variance are found in Table 25. 
In Experiment I, days to emergence were recorded when 25-50 seedlings 
had emerged. Means for this trait ranged from 11.5 to 14.8 days. Al­
though entry means were not significantly different, polycross seed of 
clone 64 stored in the laboratory, and Latar, were considerably slower in 
emergence. These two seed lots exhibited dormancy in the laboratory 
germination tests. 
Germination percent was recorded at 14 and 42 days after planting by 
counting the number of seedlings in each plot of 100 seeds. In the first 
count entry means differed significantly (.01 level). Means ranged from 
23.0 for the dormant lot of clone 64 to 5^.5 for the I960 Syn. 2 lot of 
Iowa 6. Latar and 120-6-1961C had less than 30 seedlings, indicating 
delayed germination. In the final germination reading, entry means were 
not significantly different (see Table 25). Mean germination percentages 
show that some seed lots increased while others decreased. This probably 
Table 24. Mean performance of 25 seed lots in laboratory germination tests and in Field Experiments 
I and II in 1961 
Laboratory germination (%) Field Experiment I Field Experiment II 
Ger­ Days Germination New Days New 
min­ to (#) seed­ to Stand seed­
9 14 21 ation emer­ 14 42 lings emer­ Vigor (#) lings 
Entry days days days rate gence days days gence 
6-1-19590* 29.5 81.5 97.0 7.73 12.8 42.0 43.8 .00 11.7 2.3 77.1 .67 
6-1-19600 56.0 91.0 93.5 8.84 12.8 34.2 37.5 2.25 12.3 2.8 72.8 5.50 
6-1-1961L 21.5 79.5- 90.6 7.03 13.0 42.0 48.5 .25 12.2 1.8 82.9 1.67 
6-1-19610 20.5 81.5 90.5 7.06 13.5 32.0 37.2 .00 11.8 2.0 80.7 2.83 
120-6-1961L 30.0 81.5 96.0 7.70 12.2 43.0 54.5 1.00 12.8 2.5 82.8 4.67 
120-6-19610 27.5 88.0 98.0 8.21 14.0 27.8 41.8 .75 12.5 1.7 88.8 5.33 
160-6-1961L 29.5 05.0 93.0 7.63 12.8 41.0 43.2 1.00 12.7 2.0 82.9 2.50 
160-6-19610 39.0 85.5 91.5 7.94 12.0 51.8 28.5 1.25 12.7 2.0 83.9 3.67 
121-6-1961L 28.0 82.5 95.0 7.60 12.0 48.8 48.8 .25 11.3 1.8 80.6 2.00 
121-6-19610 34.5 74.0 91.0 7.59 12.8 45.0 47.0 .50 11.3 1.3 85.7 5.00 
64-6-1961L 7.5 60.5 75.5 5.33 14.8 23.0 14.0 3.00 13.7 2.8 78.8 2.17 
64-6-19610 6.5 51.5 83.0 5>3 13.2 35.5 35.5 2.00 13.8 2.8 77.4 4.17 
6-2-19600 51.0 71.5 81.5 7.61 11.5 54.5 34.2 .25 12.5 2.7 76.2 2.67 
6-2-1961L 33.5 67.0 78.0 6.64 12.8 30.2 39.5 .00 13.3 2.7 74.7 1.00 
6-2-19610 24.0 69.0 80.0 6.4l 12.8 3 6.5 42.0 .50 13.3 2.5 72.5 4.00 
Potomac 34.0 86.5 92.0 7.79 12.2 43.8 40.8 1.00 11.8 2.3 81.1 .33 
Potomac (west) 58.5 96.0 98.0 9.27 12.2 43.8 37.2 1.00 10.5 1.3 84.6 2.33 
64-6-1955L 32.5 87.5 94.0 7.85 12.5 44.0 36.5 .50 12.5 2.2 80.7 2.50 
64-6-19550 17.5 79.0 93.5 7.03 12.5 34.8 36.8 1.25 13.3 3.3 78.3 8.33 
64-6-1958L 36.0 86.5 96.0 8.06 13.0 40.8 45.2 .00 12.3 2.3 82.2 2.67 
64-6-19580 21.0 75.0 89.5 6.87 13.0 38.8 40.0 .75 12.5 2.7 74.2 7.67 
120-6-1958L 24.0 83.0 94.5 7.42 13.0 41.5 36.0 1.50 12.0 1.8 85.6 2.50 
120-6-19580 19.5 76.0 90.0 6.87 13.5 30.2 25.0 4.25 13.2 2.8 75.6 10.67 
Latar (west) 15.0 69.5 96.5 6.84 14.5 26.0 23.0 4.25 14.0 3.5 72.5 22.67 
S143 (west) 29.0 89.5 94.5 7.78 13.0 41.8 30.8 .75 11.7 1.8 83.3 2.17 
Mean 29.0 79.1 90.9 7.38 12.9 38.9 37.9 1.13 12.4 2.3 79.8 4.39 
aC, L indicate cold or laboratory storage. 
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Table 25. Analyses of variance for seedling vigor traits in Field 
Experiments I and II in 1961 
Source of 
variation D.F. Mean squares 
Field Experiment I 
Days to 
emergence 
Germination ($) 
14 days 42 days 
New 
seedlings 
Replication 
Entries 
Error 
3 
24 
72 
2.89 
2.23 
1.38 
74.40 
245.25** 
89.19 
150.97 
313.02 
219.25 
.418 
.444* 
.218 
C. V. (#) 9.1 24.3 39.1 34.3 
Field Experiment II 
Days to 
emergence Vigor Stand (#) 
New 
seedlings 
Replication 
Entries 
Error 
5 
24 
120 
1.00 
4.18** 
.55 
1.25 
1.89** 
.47 
137.49 
184.47** 
72.69 
.692 
3.488** 
.383 
C. V. <$) 6.0 29.6 35.1 29.2 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
was due to the variable soil washing which occurred September 30. 
In the spring of 1962, the number of new seedlings in each plot was 
recorded on April 27. Transformation of the data was necessary since 
some plots had no new seedlings. Entry means for new seedlings differed 
significantly (.05 level). Actual means ranged from 0 to 4.25 seedlings. 
The dormant lots of Latar and polycross seed of clone 64 stored under 
laboratory and cold conditions had 4.25, 3.00 and 2.00 new seedlings 
respectively. Entry 120-6-19580 also had 4.25 seedlings. These data 
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indicate dormancy in freshly harvested seed. New seedlings in plots 
seeded with freshly harvested seed had been observed previously. 
In Experiment II, days to emergence were recorded when a uniform 
stand of seedlings was apparent. The analysis of variance in Table 25 
shows that entry means were significantly different at the .01 level. 
Means ranged from 10.5 days for Potomac to 14.0 for Latar, both of which 
were seed lots obtained from the west coast. Latar, 64-6-1961C and 
64-6-1961L were the latest to emerge, indicating dormancy. 
Vigor ratings were made on October 8. Seedling vigor means which 
are presented in Table 24, ranged from 1.3 for 121-6-19610 and Potomac 
from the west coast to 3*5 for Latar with (l) best and (5) poorest. In 
the analysis of variance, entry means were found to be different at the 
.01 level of significance. A slightly higher rating was found for seed 
lots from the Ames seed test which were put into cold storage two weeks 
after harvest compared to those stored in the laboratory. 
Percent stand was taken on October 21 by measuring the portion of 
each plot occupied by plants. Stand means, presented in Table 24, ranged 
from 72.5 to 88.8% which are relatively good in spite of the heavy rain 
of three weeks earlier. Entry means were different at the .01 level of 
significance. Again, seed lots from the Ames seed test put into cold 
storage two weeks after harvest were slightly lower in stand establish­
ment than laboratory stored seed. This indicates that germination is 
delayed when freshly harvested seed is held in cold storage. 
Further evidence on this point was noted the following spring when 
the number of new seedlings was recorded on May 4. More new seedlings 
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appeared in plots planted with freshly harvested seed that had been 
stored under cold conditions than in plots planted with seed stored in 
the laboratory, particularly when the seed was placed in cold storage 
immediately after harvest. Actual means, which ranged from 0.33 to 22.6? 
new seedlings, are given in Table 24. Entry means (transformed) were 
significantly different at the .01 level (see Table 25). 
Further evaluation of these 25 seed lots was made in the seed 
laboratory beginning September 11. Temperatures used varied as shown 
below: 
Date Temperature Date Temperature 
Sept. 11 20-35° C. Sept. 22 15-30° C. 
Sept. 12 20-35° c. Sept. 23 15-30° c. 
Sept. 13 20-35° C. Sept. 24 15-30° c. 
Sept. 14 15-24° C. Sept. 25 10-15° c. 
Sept. 15 15° c. Sept. 26 10-15° c. 
Sept. 16 15° C. Sept. 27 10-24° C. 
Sept. 17 15° c. Sept. 28 10-24° C. 
Sept. 18 10-24° C. Sept. 29 10-24° C. 
Sept. 19 10-24° C. Sept. 30 10-24° C. 
Sept. 20 15-30° c. Oct. 1 10-24° C. 
Sept. 21 15-30° C. Oct. 2 10-24° C. 
Mean germination percentages at 9, 14 and 21 days are presented in 
Table 24. In the first and second counts Latar and polycross seed of 
clone 64 were notably lower in germination than the other lots. As in 
the field experiments, some delay in germination was also noted for 
cold stored seed lots of 64-6-1955, 64-6-1958 and 120-6-1958 from the 
Ames seed test. 
Germination rate calculated according to the formula 
£ number of seedlings, given by Maguire (1962), gives an indication of 
number of days 
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the speed of gemination. A low value means slow germination. Germin­
ation rate means, which ranged from 5«33 for polycross seed of clone 64 
to 9.2? for Potomac from the west coast, are given in Table 24. Again, 
cold stored lots from the Ames seed test were somewhat lower than the 
laboratory stored seed. 
The degree of relationship between laboratory and field results in 
1961 dormancy studies is of interest since temperature conditions and 
time of testing were approximately the same. Correlation coefficients 
are presented in Table 26. In Field Experiment I, days to emergence and 
14 day germination were significantly correlated with 9 day germination 
and germination rate in the seed laboratory, indicating similar evaluation 
of the seed lots. Other correlations between these two experiments were 
somewhat lower and non-significant. 
Significant negative correlations were found between days to emergence 
in Field Experiment II and laboratory data for germination at 9, 14 and 
21 days and germination rate. Vigor ratings in the field were negatively 
correlated with 14 day germination and germination rate in the laboratory. 
Germination at 14 and 21 days in the laboratory were significantly cor­
related at the .05 level with percent stand in the field. These correla­
tions indicate the similarity between field and laboratory performance 
in evaluating germination and stand establishment. Other correlations 
were low and non-significant. 
Inter and intra-character correlations for the two Field Experiments 
are presented in Table 27. In Field Experiment I, days to emergence was 
negatively correlated with 14 and 42 day germination counts. This indicates 
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Table 26. Correlations between laboratory data and seedling traits in 
Field Experiments I and II 
Laboratory 
Germination ($) Germination 
9 days 14 days 21 days rate 
Field Experiment I 
Days to emergence -.64**a 
-.36 -.13 -.50** 
Germination (%) 
.55** 14 days .37 .23 .43* 
42 days .27 .31 .34 .38 
New seedlings 
-.36 -.30 -.06 -.38 
Field Experiment II 
Days to emergence -.61** 
-.65** -.42* -.70** 
Vigor 
-.37 -53** -.34 -.48* 
Stand (%) .14 .49* .46* .36 
New seedlings 
-.29 -.21 .19 -.20 
aAll correlations based on 23 degrees of freedom. 
*"r" value exceeds the 5/° level of probability. 
**"r" value exceeds the 1$ level of probability. 
that plots which emerged early tended to have more seedlings. Days to 
emergence was positively correlated with new seedlings, showing that 
those entries which were delayed in emergence had more seedlings the fol­
lowing year. This is also indicated in the significant negative correla­
tion between 14 day germination and new seedlings the following spring. 
In Experiment II, days to emergence was significantly correlated 
with vigor rating, stand percentage and new seedlings, indicating that 
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Table 2?. Inter and intra-character correlations for Field Experiments 
I and II 
Experiment I 
Germination ($) New 
seed-
14 days 42 days lings 
Experiment II 
Days 
to New 
emer- Stand seed-
gence Vigor ($) lings 
Experiment I 
Days to emergence 
14 day germination 
New seedlings 
Experiment II 
Days to emergence 
Stand ($) 
-.88**a 
-.52: ** .56' 
-.52 
** 
'** 
.48 
.32 
.66 ** 
.79** -.49* .55** 
-.36 
aAll correlations based on 23 degrees of freedom. 
*"r" value exceeds the 5/° level of probability. 
**„ 
"r" value exceeds the 1% level of probability. 
early emerging plots had more vigor, better stands and fewer seedlings 
the following spring. Correlations between Experiment I and Experiment II 
were significant for days to emergence and number of new seedlings in­
dicating similar field performance for these seed lots. 
Laboratory experiments in 1962 
In 1962, germination of freshly harvested seed was again studied 
in the seed laboratory. Polycross seed of clones 64, 120, 121, 123 and 
160 and the Syn. 1 seed from an Iowa 6 recombination block was used. 
Laboratory stored seed of clone 64 harvested in 1961, Syn. 1 seed of 
Iowa 6 harvested in I960 and 1961, Potomac and Latar were also included. 
Potential germination was determined for 100 seeds from each lot using 
the tetrazolium test. Stained embryos with and without a stained aleurone 
were considered as viable. Alternating temperatures of 15-25° C. and 
20-35° C. were used, the first to break dormancy and the second to ac­
centuate dormancy. 
The first study was started on July 11, two weeks after seed har­
vest. Mean values for this study are given in Table 28. The low tetra­
zolium value for polycross seed of clone 64 from the previous year was 
expected, but the low values for freshly harvested seed of clones 121 
and 123 were not. Later studies indicated a large number of immature 
seed in these two lots. Germination was lower at the higher temperature 
for all seed lots except 160-6-1962 and Potomac. The greatest reduction 
occurred for freshly harvested seed of clones 64, 121, and 123. 
The second study was started on August 8, four weeks later. Seed 
lots of clones 121 and 123 contained 18 and 17 immature seeds respec­
tively which are not included in the tetrazolium values in Table 28. 
This indicates that these seed lots were harvested too early. Germin­
ation percent at 15-25° C. was somewhat lower than in the previous test. 
Viable seed means of 4.0, 6.5, 3.0 and 7.0 were found for seed lots of 
121-6-1962, 123-6-1962, 6-1-1962 and 64-6-1961 respectively, based on 
tetrazolium examination of non-germinated seeds after 21 days. After 21 
day germination counts were made for the 20-35° C. treatment, the re­
maining non-germinated seeds were subjected to alternating temperatures 
Table 28, Germination means of eleven seed lots of orchardgrass under two alternating temperatures 
and the tetrazolium value at four-week intervals in the seed laboratory in 1962 
July 11 August 8 September 5 
Germination ('$) 
Tetra- 21 days 21 days 
zolium 15-25°C 20-35°C 
Germination ($) 
Tetra- 21 days 21 days 35 days3 
zolium 15-25°C 20-35°C 20-35°C 
Germination (#) 
Tetra- 21 days 21 days 35 days3 
zolium 15-25°C 20-35°C 20-35°C 
64-6-1962 91.0 88.0 72.5 95.0 80.0 80.0 8I.5 91.0 85.0 73.5 75.5 
120-6-1962 97.0 96.5 90.5 97.0 96.5 91.5 95-5 94.0 96.0 89.5 99.5 
121-6-1962 79.0 64.0 48.0 77.0 63.5 54.5 55.5 66.0 61.0 50.0 54.5 
123-6-1962 80.0 63.0 43.5 73.0 56.0 54.5 55.5 61.0 53.0 50.0 53.0 
160-6-1962 93.0 95.0 98.0 97.0 94.5 92.0 94.0 98.0 96.0 90.0 94.0 
6-1-1962 90.0 82.0 77.5 96.0 84.5 78.5 81.0 85.0 87.0 73.0 77.0 
Mean 88.3 81.4 71.7 89.2 79.2 75.2 77.2 82.5 79.7 71.0 75.6 
6-1-1961 98.0 91.0 83.5 89.5 82.0 84.0 95.0 86.0 83.5 86.0 
6-1-1960 99.0 97.5 83.5 — 97.0 91.0 91.0 97.0 95.0 86.5 88.0 
64-6-1961 83.0 85.0 74.5 - 75.0 62.5 64.5 86.0 74.5 55.0 59.0 
Potomac 99.0 95.5 96.0 — 96.0 94.0 94.5 83.0 72.5 52.0 53.0 
Latar 95.0 96.0 89.5 - 93.0 87.5 92.5 97.0 90.0 82.5 85.O 
Mean 94.8 93.0 85.4 90.1 83.4 85.3 91.6 83.6 71.9 74.2 
aLast two weeks were under 15-25° C. temperatures. 
of 15-25° C. for an additional two weeks. All but one seed lot increased 
in germination as shown in Table 28. The increase was greater for some 
lots than others. 
The third study on September 5 was started ten weeks after harvest. 
Seed lots of clones 121 and 123 contained 13 and 23 dead seeds respec­
tively when examined with tetrazolium. This would indicate that some im­
mature seeds had become non-viable and that these seed lots had declined 
in quality. Also, a different seed lot of Potomac was used in this study 
than had been used previously. The tetrazolium test showed that 11 seeds 
out of 100 of Potomac had irregularly stained embryos indicating micro­
organism damage. 
Mean germination percentages for these seed lots at 15-25° C. was 
similar to those in the previous test, except for Potomac, as shown in 
Table 28. C-erminaticn at 21 days was somewhat lower than in previous 
tests under alternating temperatures of 20-35° C. When placed under 
15-25° C. for an additional two weeks, all seed lots increased in ger­
mination. 
Field experiment in 1962 
A field experiment was planted on September 7 and 8 to study the 
seedling performance of seed lots used in laboratory tests plus four 
other lots. Days to emergence were recorded when 25-50 seedlings were 
visible. Means are presented in Table 29. Freshly harvested seed lots 
showed delayed emergence as was found previously in seedling vigor ex­
periments. However, the effect was more noticeable for seed treated with 
arasan than for untreated seed. Entry means differed significantly as 
Table 29. Mean performance for seedling vigor trails of 15 seed lots in the field in 1962 
Days to Germination ($) Vigor8 
emergence 
14 days 21 days 56 days 
Entry ipb Ub T u T U T u T U 
64-6-1962 11.3 10.0 38.7 48.3 51.0 53.0 55.3. 51.0* 5.0 4.7 
120-6-1962 13.3 10.0 29.3 63.0 53.3 70.3 59.7* 66.0* 3.7 4.3 
121-6-1962 16.0 12.0 17.7 36.3 27.7 42.3 41.3 38.3* 4.7 2.5 
123-6-1962 13.7 12.7 29.0 30.3 36.3 34.3 37.0 28.7* 6.3 6.3 
160-6-1962 12.7 9.7 36.3 59.7 61.3 76.3 74.0* 70.7* 2.7 3.0 
6-1-1962 13.3 11.3 29.0 47.7 50.7 58.0 69.7* 57.7* 4.7 2.7 
6-2-1962 11.7 10.0 49.0 51.7 62.0 56.7 60.0* 51.3* 5.0 2.3 
Mean 13.1 10.8 32.7 48.1 48.9 55.8 56.7 52.0 4.6 3.7 
6-1-1961 9.3 9.0 49.3 62.3 66.3 64.3 64.3 58.0 2.0 4.7 
6-2-1961 8.7 9.0 50.7 40.0 57.3 35.3 47.7* 25.7 6.3 7.7 
6-1-1960 10.0 8.3 52.3 61.3 68.3 57.7 64.7 48.0* 2.7 3.0 
6-2-1960 8.0 8.0 74.3 65.3 75.7 64.0 66.0 52.0 3.3 4.0 
64-6-1961 13.7 9.3 27.0 40.0 43.0 41.3 47.7 35.3* 5.0 5.7 
Potomac 8.3 10.3 52.0 31.7 60.0 35.0 50.7 27.3 3.3 5.3 
Latar (west) 9.3 9.0 43.7 39.7 48.7 38.0 37.3* 25.3* 7.3 6.0 
S143 (west) 8.7 9.0 54.0 38.7 66.3 35.3 47.0 27.7 8.0 7.7 
Mean 9.5 9.0 5l.o 47.4 60.8 46.4 53.2 37.4 4.7 5.5 
aRatings based on (l) best and (9) poorest. 
^Indicates seed treatment (T) or no seed treatment (U). 
*Denotes new seedlings in the spring of 1963. 
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shown in the analyses of variance presented in Table 30. 
Germination was recorded 14 days after planting by counting the 
number of seedlings in each plot. Seed treatment was non-significant in 
the combined analysis, but entry means differed at the .01 level of sig­
nificance. Evidence of the significant entry x whole plot interaction can 
be seen in the means presented in Table 29. Germination means for the 
treated 1962 seed were lower than for the untreated means, indicating de­
layed germination. Seed treatment was generally beneficial for older 
seed lots; a notable exception being 1961 seed of clone 64. 
Germination counts at 21 days showed no difference for whole plots 
in the combined analysis, but entry means were significantly different in 
both the individual and combined analyses. Among the 1962 seed lots, ger­
mination means for polycross seed of clones 121 and 123 were lower than 
the others indicating lower seed quality due to immature seeds. In the 
older seed lots, germination means of treated seed generally increased 
whereas the number of seedlings for untreated seed declined in some in­
stances. Dead plants were observed in these plots. The advantage to be 
gained from treating poor quality seed with a fungicide is shown by the 
comparison between the treated and untreated means for Potomac. 
Final germination counts were recorded eight weeks after planting 
on November 2. Seed treatment was significant (.05 level) in the com­
bined analysis (see Table 30). Germination means for untreated seed lots 
presented in Table 29 were all lower than the 21 day means. The 1962 
treated seed lots generally increased in germination while the older seed 
lots decreased, except for 64-6-1961. New seedlings were observed in all 
Table 30. Analyses of variance for seedling vigor traits in the field in 1962 
Mean squares 
Source of Days to Germination {ft 
variation D.F. emergence 14 days 21 days 56 days Vigor 
Untreated 
Replications 
Entries 
Error 
2 
14 
28 
5.14** 
.89 
69.06 
440.77** 
61.21 
146.40 
611.47** 
81.71 
45.27++ 
713.90** 
98.08 
3.48 
8.85 
5.73 
C. V. (#) 9.58 16.38 17.80 22.40 50.74 
Replications 
Entries 
Error 
2 
14 
28 
.80 
18.51** 
1.30 
Treated 
45.62 
637.23** 
50.03 
86.86 
492.42** 
48.13 
431.76** 
415.14** 
69.76 
17.86** 
9.38** 
2.18 
C. V. (#) 10.18 16.64 12.55 15.23 31.69 
Replications (R) 
Whole plot (WP)a 
R x WP 
2 
1 
2 
1.01 
41.35* 
.34 
Combined 
19.42 
618.85 
95.23 
184.04 
435.60 
49.23 
378.31 
2538.71* 
98.72 
16.14 
.02 
5.21 
Entries (E) 
E x R 
E x WP 
E x WP x R 
14 
28 
14 
28 
18.93** 
1.25 
4.73** 
.94 
712.87** 
365.13 
45.85 
705.74** 
56.45 
318.15** 
73.39 
1033.96** 
63.41 
95.07 
104.42 
15.09** 
3.67 
3.14 
4.24 
C. V. <$) 9.22 15.01 16.17 20.64 43.92 
^Treated vs. untreated. 
*F value exceeds the 5$ level of probability. 
**F value exceeds the 1$ level of probability. 
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freshly harvested seed lots and in a few older lots, both with and without 
seed treatment, indicating that conditions were favorable for germination 
of non-germinated seed. 
Vigor ratings also were made at the last germination count. Entry 
means differed significantly as indicated in the combined analysis given 
in Table 30. Seedling vigor means were variable for both treated and un­
treated seed lots. This probably was due to differential feeding of 
rabbits. The coefficient of variation for this trait was twice as large 
as the G. V.'s for the other traits. 
Correlations were computed to show the relationships between 21 day 
germinations in the seed laboratory and germination in the field at 21 
and 56 days. These are presented in Table 31- All correlations were 
significant indicating that laboratory germination was related to field 
performance. 
In the spring of 1963, new seedlings were observed in all 1962 seed 
lots (see Table 29). The number was greater for untreated than treated 
seed lots. This was opposite to that found in the November germination 
data. The previously dormant seed lot of Latar had the greatest number 
of new seedlings with a mean of 2.67 for both treated and untreated plots. 
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Table 31. Correlations between laboratory and field germination in 1962 
Field experiment 
21 days 56 days 
Treated Untreated Treated Untreated 
Laboratory ger­
mination (21 days) 
15-25° C. .?4**a .75** .71* .66* 
20-35° C. .69* .81** .66* .70* 
aAll correlations based on 9 degrees of freedom. 
*"r" value exceeds the 5$ level of probability. 
**"r" value exceeds the ~X$> level of probability. 
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DISCUSSION 
Several improved varieties of orchardgrass are synthetic popula­
tions developed from selected non-inbred clones and increased several 
generations. Theoretically, the performance of the Syn. 1 generation 
should be the highest and the Syn. 2 and Syn. 3 generation somewhat lower 
when F]_ plants are used to constitute the synthetic. The decrease in 
performance should be inversely proportional to the number of clones in­
volved, based on the coefficient of inbreeding. 
One of the objectives of this study was to investigate the trend in 
performance with generation advancement in two synthetics developed in 
Iowa. For seed yield, the theoretical expectations were fulfilled. The 
Iowa 6 (5 clone) synthetic decreased significantly from the Syn. 1 to the 
Syn. 2 generation while only a slight decrease was observed in the Iowa 1 
(11 clone) synthetic. Previous seed yield comparisons of the Syn. 1 and 
Syn. 2 generations for these two synthetics generally agreed with these 
results. The Syn. 3 performance for each synthetic was essentially the 
same as that of the Syn. 2. The generation trends for panicle number were 
similar to those found for seed yield as might be expected since panicle 
number was positively correlated with seed yield in this study. 
The trend in forage yield with generation advancement was unexpected. 
In this study, the Syn. 1 and Syn. 2 generation yields were essentially 
the same in each synthetic. Previous comparisons of the Syn. 1 and Syn. 2 
generations generally agreed with theoretical expectations. Lack of agree­
ment herein may be due to the fact that average performance of all seed 
lots of a generation was used, whereas the performance of only one lot was 
used in previous comparisons. For the Iowa 6 synthetic, a lower yield 
for the Syn. 2 would have been obtained by omitting the 1957 seed lot. 
Variation due to age or quality of seed may have contributed to the in­
consistent results. While stands in this study were generally comparable, 
variation between locations in the surviving population for the same seed 
lot could influence subsequent yield performance. The forage yield for 
the Syn. 3 generation was the highest in both synthetics. This was prob­
ably due to natural selection during stand establishment in the fields 
from which the Syn. 3 generation seed was harvested. Since no other 
Syn. 3 generation has been tested, the validity of this conclusion is 
conjecture. It is possible in a heterogeneous population to have new re­
combinations which are superior. If the proportion were great, the per­
formance would increase. 
Another objective of this study was to determine whether or not pro­
cedures used in the establishment and management of recombination blocks 
resulted in consistent performance of seed lots obtained in different 
years. In the orthogonal comparisons of data combined over years and 
locations, no significant differences were found between Syn. 1 or poly­
cross seed lots of either Iowa 1 or Iowa 6 for forage yield, seed yield 
and panicle number. In the individual year analyses for a location, only 
13 of l62 differences were statistically significant. The lack of con­
sistent significant differences for these quantitative traits indicates 
that the procedures used at the Iowa Station were satisfactory in obtain­
ing seed of uniform agronomic performance. The uniformity for bloom 
date and fertility index tends to support this conclusion. The use of 
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solid plantings and seed composites from several replications would tend 
to minimize differences. 
The consistency of time of bloom and seed yield of the parent clones 
in Iowa 6 was studied in several current recombination blocks over a 
three-year period. Data for these attributes are presented in Appendix 
Table 4l. Clones 120 and 160 generally started blooming first while 
clone 123 consistently bloomed last. The end of anthesis followed a 
similar pattern. The length of the blooming period varied from year to 
year. It was noted that cool temperatures and cloudy or rainy weather 
delayed blooming, particularly in 1962. Similar results were reported by 
Wolfe (1925). Hittle (195*0 also noted that weather conditions could in­
fluence the pollination of one clone by another. From the data, complete 
random mating appeared unlikely; however, the order in which the clones 
bloomed was relatively the same from year to year and block to block. In 
mean seed yield, clones 120 and 123 were generally the highest and lowest 
respectively. Since equal weights of seed from each clone were composited 
to form the Syn. 1 generation, the female contribution was equalized, bar­
ring wide differences in seed quality and weight. However, it was noted 
in 1961 that polycross seed of clone 64 was lower in maximum germination 
than the other polycross seed lots tested and, in 1962, seed from clones 
121 and 123 germinated poorly. On the basis of this information, one 
should consider bulking equal amounts of viable seed from each clone in 
order to equalize the maternal parentage. 
Of further interest in this study were the estimates of entry x 
environment interaction. For forage yield, seed yield and panicle number, 
the entry x year x location interaction component of variance was sig­
nificant and of the same magnitude as the entry component of variance. 
Both polycross and synthetic generation seed lots showed evidence of con­
tributing to this interaction. The first-order interactions of E x L 
and E x Y were low and non-significant. These results indicate that 
there was a differential response of entries to environments which was 
not accounted for by the year or location groupings. Similar results 
were reported by Jones et al. (i960) and Miller et al. (1962) in tobacco 
and cotton respectively. Their materials were somewhat selected and 
widely adapted as was true for the germ plasm used in this study. In 
perennial forage crops, both summer and winter temperatures and rainfall 
distribution would appear to influence the results obtained. A differ­
ential response due to temperature was noted for seed yield of the check 
variety, Potomac. Although the total rainfall each year was similar for 
the two locations, the monthly distribution varied markedly and influenced 
the forage yields obtained at different harvests during the season. The 
results indicate the importance of adequate sampling of environments in 
strain evaluation since observed differences at one location or in one 
year may be confounded with differences due to the effects of entry x 
environment interactions. 
Since the seed lots used in this study had been evaluated previously 
for seedling vigor traits, the relationship between seedling performance 
and performance in the forage tests was investigated. Correlations be­
tween percent stand or germination in field settling tests and stand at 
Albia in the forage experiment were significant. These results indicate 
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that germination capacity was consistent under field conditions. Other 
correlations were low and non-significant. In the seedling data, differ­
ences found for days to emergence, percent germination and seedling weight 
reflected differences in age and quality of seed. Also, seedling weights 
were obtained about 40-50 days after planting before competitive elimin­
ation of plants occurred. In this study, on the other hand, forage yield 
was determined one year after establishment. Weaker seedlings would have 
been eliminated due to competition during the year of establishment. Thus 
differences found in the seedling stage would have diminished. 
Post-harvest dormancy also was investigated in this research. Dor­
mancy was found in some lots of both freshly harvested and one year old 
seed in laboratory studies. The degree of dormancy was variable among 
the seed lots tested with polycross seed of clone 64 showing the most. 
This clone had a shorter period between anthesis and seed maturity than 
the other clones in Iowa 6 especially in 1961. In general, prechilling 
moistened seed had little beneficial effect on germination probably be­
cause most seed lots showed little or no dormancy. An intermediate degree 
of dormancy was reported in orchardgrass by Nakamura (1962). Maximum ger­
mination was obtained under alternating temperatures of 15-25° C. for 
dormant seed lots of Latar and clone 64, whereas alternating temperatures 
of 20-35° C. accentuated dormancy. Both 1961 lots showed some evidence 
of dormancy when tested in 1962 in the seed laboratory. Thus dormancy was 
not completely removed by aging the seed under laboratory storage. The 
data indicate that maximum germination of orchardgrass may not be obtained 
under the official seed testing rules using alternating temperatures of 
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20-30° C. Similar results were reported by Canode et al. (1963). The 
degree of dormancy of some lots in this study would have been considered 
even greater without the evidence obtained from the tetrazolium test. 
Dormant seeds were distinguished from dead and immature seeds by this meth­
od. This test would appear to have considerable merit in germination stud­
ies of grasses since the harvested seed often represents a range in maturity. 
In the field dormancy studies, delayed emergence, lower germination or 
stand, poorer vigor, and more new seedlings the following spring were found 
for seed lots exhibiting dormancy. Similar results were reported by Brown 
(I960) in field plantings of freshly harvested seed two months after har­
vest. The effects were more pronounced for seed placed in cold storage 
two weeks after harvest than for seed stored in the laboratory or allowed 
to after-ripen before being placed in cold storage. This indicates that 
dormancy is prolonged under cold storage. The presence of new seedlings 
in one year old seed lots in 1961 field plantings may be due either to 
primary or secondary dormancy. Soil temperatures in September often reach 
35° C. Secondary dormancy can be induced under these conditions although 
primary dormancy cannot be ruled out since the I960 seed lots were not 
tested in the laboratory. The field data indicate that dormancy may pose 
a problem when freshly harvested seed is replanted the same year to obtain 
successive generations as frequently as possible. The frequency of head­
ing in the spring was low in plantings established the previous fall. 
Under these conditions no advantage in time would be gained by immediate 
replanting while the population might shift due to winter killing or 
selective establishment of non-dormant seeds. 
77 
SUMMARY AND CONCLUSIONS 
1. Twenty-four seed lots of Dactylis glomerata L., including three 
generations of two synthetics, 12 polycross lots from several constituent 
clones and a check variety, Potomac, were planted in separate forage 
and seed yield experiments at each of two locations. Evaluations for 
forage yield, seed yield, panicle number, fertility index and bloom 
date were made over a three-year period. Objectives were to compare the 
first three generations of each synthetic and to evaluate the effective­
ness of procedures used to minimize genetic shifts in the first-generation 
seed. A set of orthogonal comparisons was used to compare seed lots. 
Post-harvest dormancy also was investigated in the seed laboratory and 
in field plantings in the fall. 
2. Generation trends for forage yield were contrary to theoretical 
expectations. The Syn. 1, Syn. 2 and Syn. 3 generation means in tons of 
dry matter per acre were 2.43, 2.46 and 2.68 for the Iowa 1 (11 clone) 
synthetic and 2.60, 2.61 and 2.72 for the Iowa 6 (5 clone) synthetic. 
Natural selection was believed to have caused the increase in yield in 
the Syn. 3- For seed yield, the three generation means in pounds per 
acre were 373.4, 348.6 and 353.0 in the Iowa 1 synthetic and 421.8, 
363.4 and 373*2 in Iowa c. 
3. Differences among seed lots of the Syn. 1 generation of each 
synthetic and between polycross seed lots of the same clone from differ­
ent years were non-significant in the combined analyses over years and lo­
cations for forage yield, seed yield and panicle number. These data indi­
cate that the procedures used at the Iowa Station to minimize changes had 
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been effective. 
4. Pollination was observed in current recombination blocks of the 
Iowa 6 synthetic over a three-year period. Complete random mating was 
not achieved. Weather conditions during the blooming period affected 
anthesis. Nevertheless, there was a relative consistency in blooming 
pattern from block to block and year to year. Relative seed yield per 
clone also was similar between blocks and years. 
5. Estimates of the entry x environment interactions were obtained 
for the forage yield, seed yield and panicle number data. The first-
order interactions of E x L and E x Y were low and non-significant. The 
second-order interaction was significant for all three traits and of 
the same magnitude as the entry component of variance, indicating a dif­
ferential response of entries to environments not accounted for by the 
location and year groupings. 
6. Correlations between percent stand or germination in previous 
seedling vigor Experiments I, II and IV and stand percentage at Albia 
were 0.64, 0.53 and 0.68 respectively. Other correlations between seed­
ling vigor traits and performance in forage tests generally were low and 
non-significant. 
7. Dormancy affected germination of both freshly harvested and 
one year old seed. The degree of dormancy was variable. In the seed 
laboratory, maximum germination was obtained using alternating temper­
atures of 15-25° C. The tetrazolium test was useful in distinguishing 
viable seeds from those which were dead or immature. In fall plantings 
in the field, delayed emergence, lower germination, and more new seedlings 
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the following spring characterized the dormant seed lots. Dormancy-
prolonged under cold storage. 
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APPENDIX 
Table 32. Mean stand percentage and rating 
tests at Ames and Albia 
s for vigor and rust for the 24 seed lots in the forage 
Ames Albia 
Stand Spring Stand Fall Spring Stand Spring 
Entries (#) vigor3 Rust*3 (#) vigor3 vigor9 (#) vigor3 
10-1959° 5-1961 9-1962 11-1959 11-1959 5-1960 6-1961 5-1961 
1-1-1953 100.0 6.5 2.5 68.8 5.8 5.8 81.2 6.0 
1-1-1955 99.5 5.8 2.8 86.2 3.5 7.5 91.2 6.2 
1-1-1958 100.0 6.0 2.5 92.0 4.0 5.0 96.0 6.0 
1-2-1955 100.0 5.0 2.5 88.8 4.2 5.5 91.5 4.8 
1-2-1956 100.0 5.5 2.5 94.5 2.8 5.0 95.2 5.8 
1-3-1957 100.0 5.8 3.2 90.0 4.0 5.2 92.0 6.0 
6-1-1955 100.0 4.5 2.5 87.5 3.2 4.5 97.2 4.2 
6-1-1958 100.0 4.5 3.0 93.8 3.5 3.8 93.0 4.8 
6-2-1955 100.0 4.5 3.2 95.2 2.5 4.5 98.0 5.0 
6-2-1957 100.0 4.8 3.0 90.0 3.8 5.5 94.5 4.8 
6-3-1957 99.5 5.2 3.0 87.5 4.0 4.5 88.8 4.5 
64-6-1955 100.0 4.5 2.2 94.0 2.8 4.2 96.2 4.2 
64-6-1958 99.5 4.2 2.8 86.2 3.5 4.2 93.0 4.5 
120-1-1955 100.0 5.0 2.2 92.5 3.2 3.8 90.5 4.8 
120-1-1958 100.0 4.8 2.2 99.0 3.0 3.5 96.5 4.0 
120-6-1955 100.0 4.0 2.2 95.8 2.0 3.0 96.2 3.8 
120-6-1958 100.0 4.5 2.0 97.5 2.8 4.0 97.2 4.0 
149-1-1955 99.5 5.8 3.0 89.5 4.5 5.8 92.0 6.2 
149-1-1958 99.0 6.8 3.5 82.5 4.8 6.2 86.2 6.0 
160-1-1955 99.5 4.0 3.8 83.8 3.8 2.8 87.5 4.0 
160-1-1958 100.0 3.2 3.8 96.5 3.0 3.5 96.5 3.8 
160-6-1955 100.0 3.2 4.0 88.8 4.0 3.5 92.5 2.2 
160-6-1958 99.5 3.0 4.5 97.0 2.0 2.2 97.2 2.2 
Potomac 99.5 4.8 1.5 57.5 6.0 4.2 67.5 2.2 
Mean 99.8 4.8 2.8 89.0 3.6 4.5 92.0 4.6 
aVigor ratings based on (l) best and (9) poorest. 
^Rust ratings based on (l) best and (5) poorest. 
^Indicates month and year notes were recorded. 
Table 33. Analyses of variance of stand percentages, fall and spring vigor ratings in the forage 
tests at Ames and Albia 
Mean squares 
Ames Albia 
Source of variation D.F. Stand 
1959 
Spring 
vigor 
1961 
Stand 
1959 
Fall 
vigor 
1959 
Spring 
vigor 
I960 
Stand 
1961 
Spring 
vigor 
1961 
Replication 3 .48 .33 28.09 1.29 3.38* 52.44* 2.22* 
Entries 23 .33 4.32** 342.65** 4.02** 22.22** 176.19** 5.95** 
Error 69 .34 .94 32.40 1.02 1.2? 17.19 .81 
c. V. (#) 0.58 20.51 6.4o 28.02 39.73 4.51 19.64 
*F value exceeds the 57» level of probability. 
**F value exceeds the 1% level of probability. 
Table 34. Average annual forage yield in tons per acre for the 24 seed lots at Ames and Albia 
Ames Albia Over 
years and 
Entries I960 1961 1962 1960-62 I960 1961 1962 1960-62 locations 
1-1-1953 2.51 2.52 2.54 2.52 2.43 . 2.15 2.31 2.30 2.41 
1-1-1955 2.73 2.58 2.64 2.65 2.60 2.22 2.28 2.37 2.51 
1-1-1958 2.60 2.42 2.34 2.45 2.56 2.12 2.25 2.31 2.38 
1-2-1955 2.64 2.55 2.37 2.52 2.72 2.24 2.30 2.42 2.47 
1-2-1956 2.64 2.48 2.47 2.53 2.64 2.14 2.32 2.37 2.45 
1-3-1957 2.82 2.88 2.95 2.88 2.94 2.16 2.32 2.47 2.68 
6-1-1955 3.02 2.60 2.63 2.75 2.85 2.36 2.32 2.51 2.63 
6-1-1958 2.92 2.60 2.58 2.70 2.84 2.2 7 2.15 2.42 2.56 
6-2-1955 3.06 2.60 2.80 2.82 2.58 2.21 2.22 2.34 2.58 
6-2-1957 3.13 2.78 2.94 2.95 2.56 2.22 2.22 2.34 2.64 
6-3-1957 3.20 2.58 2.49 2.76 3.24 2.39 2.41 2.68 2.72 
64-6-1955 2.78 2.55 2.58 2.63 3.07 2.32 2.42 2.60 2.62 
64-6-1958 2.58 2.45 2.50 2.51 2.88 2.29 2.25 2.47 2.49 
120-1-1955 2.53 2.44 2.46 2.48 2.84 2.34 2.21 2.47 2.47 
120-1-1958 3.11 2.68 2.80 2.86 2.78 2.38 2.31 2.49 2.68 
120-6-1955 2.88 2.59 2.57 2.68 2.98 2.32 2.26 2.52 2.60 
120-6-1958 2.82 2.53 2.52 2.62 2.81 2.26 2.33 2.47 2.54 
149-1-1955 2.40 2.41 2.40 2.40 2.70 2.10 2.26 2.35 2.38 
149-1-1958 2.78 2.50 2.70 2.66 2.55 2.06 2.28 2.30 2.48 
160-1-1955 2.88 2.73 2.58 2.73 2.88 2.23 2.27 2.46 2.60 
160-1-1958 3.04 2.53 2.46 2.68 2.65 2.28 2.26 2.39 2.54 
160-6-1955 3.16 2.68 3.10 2.98 2.76 2.37 2.33 2.48 2.73 
160-6-1958 2.70 2.67 2.55 2.64 3.28 2.48 2.41 2.72 2.68 
Potomac 2.67 2.43 2.42 2.50 2.55 2.20 2.12 2.29 2.40 
Mean 2.82 2.57 2.60 2.66 2.78 2.25 2.28 2.44 2.55 
Table 35. Mean stand percentage and spring vigor ratings for the 24 seed lots in the seed tests at 
Ames and Albia 
Ames Albia 
Stand (%) 
10-1959° 
Spring vigor3 Stand (#) Spring vigor3 Spring vigor' 
5-1961 11-1959 5-1960 5-1961 
1-1-1953 97.5 2.2 91.2 6.8 3.5 
1-1-1955 97.5 2.8 95.0 6.8 3.8 
1-1-1958 100.0 2.5 95.0 5.0 3.5 
1-2-1955 100.0 3.2 100.0 3.2 2.5 
1-2-1956 100.0 3.2 95.0 4.2 2.8 
1-3-1957 100.0 3.2 92.5 5.8 3.0 
6-1-1955 100.0 3.2 98.2 4.0 2.8 
6-1-1958 100.0 3.2 95.0 3.0 2.5 
6-2-1955 100.0 3.5 97.5 4.0 3.5 
6-2-1957 100.0 3.5 100.0 5.8 2.0 
6-3-1957 100.0 3.8 95.0 5.2 2.2 
64-6-1955 98.8 2.8 95.0 2.8 2.8 
64-6-1958 100.0 2.2 95-0 3.0 3.0 
120-1-1955 100.0 2.5 95.0 3.2 3.2 
120-1-1958 100.0 2.2 97.5 3.0 3.0 
120-6-1955 100.0 2.5 100.0 2.0 3.5 
120-6-1958 100.0 2.8 98.8 2.2 1.8 
149-1-1955 100.0 2.2 97.0 5.0 3.5 
149-1-1958 98.8 1.8 88.8 7.2 3.0 
160-1-1955 100.0 2.5 83.8 4.5 2.2 
160-1-1958 100.0 2.2 100.0 2.0 2.5 
160-6-1955 100.0 3.0 96.2 2.8 1.8 
160-6-1958 100.0 3.0 100.0 1.2 2.7 
Potomac 100.0 4.5 83.8 4.0 2.5 
Mean 99.7 2.9 95.2 4.0 2.8 
aVigor ratings based on (l) best and (9) poorest in I960 and (l) best and (5) poorest in 1961. 
^Indicates the month and year data was taken. 
Table 36. Analyses of variance of stand percantages and spring vigor ratings in the seed tests at 
Ames and Albia 
Mean 
Ames 
squares 
Albia 
Source of variation D.F. Stand Spring vigor Stand Spring vigor Spring vigor 
1959 1961 1959 I960 1961 
Replication 3 1.73 1.26* 69.87* 2.83 
vr
\ 00 
Entries 23 2.31* 1.52** 83.31** 21.89** 1.31** 
Error 69 1.19 .35 24.36 1.18 .61 
C. V. {$>) 1.09 20.82 5.18 27.05 27.75 
*F value exceeds the 5$ level of probability. 
**F value exceeds thn 1% level of probability. 
Table 37« Average annual seed yield in pounds per acre for the 24 seed lots at Ames and Albia 
Ames Albia Over 
years and 
Entries i960 1961 1962 1960-62 I960 1961 1962 1960-62 locations 
1-1-1953 283.8 326.7 438.5 349.7 237.0 301.8 6l4.o 384.2 367.0 
1-1-1955 290.8 270.0 435.8 332.2 277.2 265.8 591.2 378.1 355.1 
1-1-1958 327.0 306.2 523.0 385.4 307.5 332.8 591.8 410.7 398.0 
1-2-1955 339.0 246.2 415.8 333.7 257.5 310.2 535.5 367.8 350.7 
1-2-1956 312.8 241.2 406.0 320.0 298.0 295.2 526.2 373.2 346.6 
1-3-1957 335.2 231.5 445.0 337.2 283.0 302.2 521.2 368.8 353.0 
6-1-1955 363.5 291.5 452.5 369.2 362.2 414.0 679.0 485.1 427.1 
6-1-1958 446.5 274.2 403.2 374.7 393.2 415.5 566.8 458.5 4l6.6 
6-2-1955 305.2 257.0 385.8 316.0 290.2 399.0 550.0 413.1 364.5 
6-2-1957 298.0 236.5 394.8 309.8 285.0 373.0 586.2 414.8 362.2 
6-3-1957 344.0 252.8 383.2 326.7 276.0 405.5 578.0 419.8 373.2 
64-6-1955 333.5 321.0 562.2 405.6 303.8 335.2 571.0 403.3 404.5 
64-6-1958 265.o 414.5 514.2 397.9 319.8 316.0 616.5 417.4 407.7 
120-1-1955 352.8 328.2 494.8 391.9 292.2 377.2 672.8 447.4 419.7 
120-1-1958 4o6.2 353.5 535.5 431.8 411.0 364.0 707.0 494.0 462.9 
120-6-1955 392.5 342.0 513.2 415.9 396.5 392.5 643.0 477.3 446.6 
120-6-1958 371.5 352.0 524.8 416.1 452.0 447.8 609.5 503.1 459.6 
149-1-1955 191.5 304.0 477.5 324.3 220.2 273.0 635.0 376.1 350.2 
149-1-1958 197.2 319.0 462.8 326.3 193.8 289.5 625.0 369.4 347.9 
160-1-1955 374.5 284.5 305.2 321.4 227.5 355.0 506.8 363.1 342.2 
160-1-1958 424.0 252.8 389.5 355.4 370.0 393.2 680.2 481.2 418.3 
160-6-1955 386.0 260.5 415.5 354.0 245.5 448.5 626.5 440.2 397.1 
160-6-1958 398.8 265.8 392.2 352.2 352.8 404.0 608.2 455.0 403.6 
Potomac 242.5 79.2 308.2 210.0 294.2 249.0 462.2 335.2 272.6 
Mean 332.6 283.8 440.8 352.4 306.1 352.5 596.0 418.2 385.3 
Table 38. Mean panicle number per three feet of row for the 24 seed lots in the seed tests at 
Ames and Albia 
Ames Albia Over 
Entries I960 1961 1962 1960-62 I960 1961 1962 1960-62 
years 
locate 
1-1-1953 76 160 301 179 81 147 285 171 175 
1-1-1955 80 141 327 183 70 107 306 161 172 
1-1-1958 68 152 291 170 92 128 306 175 173 
1-2-1955 93 122 298 171 106 153 276 178 175 
1-2-1956 76 125 272 158 94 134 315 181 169 
1-3-1957 80 130 260 156 88 122 290 167 162 
6-1-1955 93 160 342 198 126 167 347 213 206 
6-1-1958 95 153 321 190 118 186 283 196 193 
6-2-1955 101 138 345 195 86 171 312 190 192 
6-2-1957 66 136 318 174 90 218 275 194 184 
6-3-1957 86 141 279 169 98 217 292 202 186 
64-6-1955 91 174 325 197 102 170 322 198 197 
64-6-1958 78 208 327 204 122 166 316 201 203 
120-1-1955 70 154 328 184 89 139 309 179 182 
120-1-1958 95 148 285 176 121 126 328 192 184 
120-6-1955 90 154 326 190 117 168 316 200 195 
120-6-1958 86 162 346 198 137 212 316 222 210 
149-1-1955 34 149 244 143 57 86 280 141 142 
149-1-1958 34 138 223 132 36 139 283 153 142 
160-1-1955 92 140 284 172 92 175 350 206 189 
160-1-1958 120 119 300 180 110 177 313 200 190 
160-6-1955 99 154 339 197 104 205 320 210 203 
160-6-1958 108 143 363 205 135 199 314 216 210 
Potomac 66 41 221 109 98 123 196 139 124 
Mean 82 144 303 176 99 160 302 187 182 
Table 39. Mean fertility index for the 24 seed lots in the seed tests at Ames and Albia 
Ames Albia Over 
Entries I960 1961 1962 1960-62 I960 1961 1962 1960-62 
years t 
locatic 
1-1-1953 59.5 67.5 66.2 64.4 62.2 65.2 65.2 64.2 64.3 
1-1-1955 62.5 65.0 69.2 65.6 61.8 66.8 66.2 64.9 65.2 
1-1-1958 62.0 70.5 68.2 66.9 67.0 64.2 69.2 66.8 66.9 
1-2-1955 51.5 6l.o 63.8 58.8 60.0 64.2 62.2 62.2 60.5 
1-2-1956 58.8 66.2 69.2 64.8 60.0 62.2 66.8 63.0 63.9 
1-3-1957 56.0 63.2 66.5 61.9 56.0 65.5 64.8 62.1 62.0 
6-1-1955 62.2 71.8 69.0 67.7 64.5 64.5 65.8 64.9 66.3 
6-1-1958 58.5 70.0 69.8 66.1 58.5 60.0 69.8 62.8 64.4 
6-2-1955 57.5 68.5 67.5 64.5 57.0 59.2 64.5 60.2 62.4 
6-2-1957 55.5 70.8 67.8 64.7 59.0 65.o 69.5 64.5 64.6 
6-3-1957 59.8 69.5 64.8 64.7 57.2 58.8 63.0 59.7 62.2 
64-6-1955 60.8 72.2 68.2 67.1 59.5 66.2 69.5 65.1 66.1 
64-6-1958 59.2 70.0 70.8 66.7 56.0 65.5 70.2 63.9 65.3 
120-1-1955 67.2 71.8 67.2 68.8 65.5 65.8 64.5 65.2 67.0 
120-1-1958 62.0 72.2 70.2 68.2 64.5 67.0 69.8 67.1 67.6 
120-6-1955 59.2 71.0 65.5 65.2 61.2 63.2 65.o 63.2 64.2 
120-6-1958 59.2 72.2 67.2 66.2 59.8 59.2 70.2 63.1 64.7 
149-1-1955 56.5 62.8 64.5 61.2 57.5 62.2 70.5 63.4 62.3 
149-1-1958 52.8 64.2 64.8 60.6 59.0 65.8 61.5 62.1 61.3 
160-1-1955 63.0 64.0 65.0 64.0 58.2 65.8 62.8 62.2 63.1 
160-1-1958 60.8 66.8 68.8 65.4 56.8 60.8 67.5 61.7 63.5 
160-6-1955 57.0 65.5 67.8 63.4 57.8 58.8 69.2 61.9 62.7 
160-6-1958 61.8 67.2 67.5 65.5 62.0 60.8 66.5 63.1 64.3 
Potomac 64.5 71.8 67.2 67.8 64.5 70.5 69.5 68.2 68.0 
Mean 59.5 68.2 67.4 65.0 60.2 63.6 66.8 63.6 64.3 
Table 40. Mean bloom date for the 24 seed lots in the seed tests at Ames and Albia 
Ameî Albia 
Entries 
I960 
June 
1961 
June 
1962 
May 
1960-62 
June 
I960 
May-J une 
1961 
June 
1962 
May 
1960-62 
May 
1-1-1953 2.0 8.5 30.0 3.2 1.0 4.5 21.8 29.8 
1-1-1955 2.0 8.8 30.2 3.3 1.0 5.2 22.2 30.2 
1-1-1958 1.8 8.8 30.0 3.2 1.0 4.5 21.8 29.8 
1-2-1955 2.0 9.2 30.0 3.4 1.0 4.8 23.0 30.2 
1-2-1956 2.2 9.0 30.0 3.4 31.8 4.5 22.2 29.8 
1-3-1957 2.0 9.0 30.0 3.3 1.2 4.8 22.0 30.0 
6-1-1955 2.0 8.8 30.0 3.2 1.0 4.5 21.5 29.7 
6-1-1958 2.0 9.0 30.0 3.3 1.0 4.0 21.8 29.6 
6-2-1955 2.2 9.5 30.5 3.8 1.0 4.5 22.0 29.8 
6-2-1957 2.2 9.2 30.2 3.6 1.0 4.0 22.0 29.7 
6-3-1957 2.0 9.2 30.2 3.5 1.2 4.2 22.0 29.8 
64-6-1955 2.0 8.8 30.0 3.2 1.0 4.2 21.2 29.5 
64-6-1958 2.2 8.8 30.2 3.4 1.0 4.2 21.2 29.5 
120-1-1955 1.8 8.5 30.0 3.1 1.0 3.8 21.5 29.4 
120-1-1958 2.0 8.5 30.0 3.2 1.0 4.8 21.5 29.8 
120-6-1955 2.0 8.5 30.0 3.2 1.0 4.5 21.5 29.7 
120-6-1958 2.0 8.8 30.0 3.2 1.0 3.8 21.2 29.3 
149-1-1955 2.5 8.8 30.8 3.7 1.2 5.2 23.0 30.5 
149-1-1958 2.8 9.5 30.8 4.0 1.5 5.2 22.5 30.4 
160-1-1955 1.2 8.0 30.0 2.8 31.2 4.2 21.8 29.4 
160-1-1958 1.2 8.2 30.0 2.8 31.2 4.0 21.8 29.3 
160-6-1955 1.8 8.8 30.0 3.2 31.8 4.0 21.5 29.4 
160-6-1958 1.5 9.0 30.0 3.2 31.0 4.5 22.0 29.5 
Potomac 1.2 8.2 27.5 2.7 31.0 3.2 21.2 28.8 
Mean 1.9 8.8 30.0 3.3 0.6 4.4 21.8 29.7 
Table 41. Mean bloom date, end of bloom and seed yield for the 5 parent clones of Iowa 6 for three 
years in several recombination blocks 
I960 1961 1962 
1950 1959 1958 1959 I960 
Clone planting planting Crawford planting ] planting planting Crawford Crawford 
Bloom date 
June June May June June June June May 
64 2.8 2.0 29.4 8.1 8.3 4.8 4.2 26.0 
120 2.0 1.2 29.8 6.1 6.1 2.8 3.8 23.8 
121 3.0 2.1 30.6 7.4 7.2 4.3 3.6 24.0 
123 6.8 4.3 32.5 9.7 10.6 8.7 7.2 29.6 
160 2.2 2.0 29.6 4.8 6.4 2.1 2.6 23.1 
End of bloom 
J une June June June June June June June 
64 7+a 7+ 4+ 15.1 15.3 13.9 13.7 10.0 
120 7+ 7+ 4+ 14.7 15.4 13.7 12.2 7.1 
121 7+ 7+ 4+ 15.3 15.6 14.7 13.3 7.5 
123 11 11 11 17.0 17.1 15.9 14.1 12.4 
160 7+ 7+ 4+ 14.2 14.7 11.9 11.8 7.1 
Seed yield (gm./plant) 
64 43.2 38.4 30.0 17.8 17.2 26.4 25.0 25.3 
120 37.3 48.8 47.5 34.1 36.1 55.6 54.7 36.7 
121 38.9 37.8 25.9 19.2 20.3 30.6 36.6 15.9 
123 26.0 16.8 22.0 8.6 5-5 14.2 17.8 20.9 
l60 29.0 38.3 21.4 22.7 17.6 41.7 52.5 27.2 
a+ denotes some pollen shedding after the date indicated. 
